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bonate of  BariujK  at   High  Teir^eratures  • 


uttroducttoit. 


A  method   for     the   separation   and  detemim.tion  of 
boric   acid  was  devised    in    this  laboratory,    in   1888,    by 
Morse   and  Burton,    and  published   by  thei;  with  the   results 
of   twenty  two   determinations  made    in    accordance  with   it. 
Essentially,    the  method    is   as   follo'.vs:-    "Jf   the   boric 
acid    is    in    solution,    the   liquid  contain in^^   it    is   made 
slightly  alkaline  v/ith   caustic   potash,    and  evaporated 
on   a  water-bath",    to    a  small  volui.ie.      If  the  material 
containinf^  the  boric    acid    is  not    soluble    in  water,    a   sil- 
icate  for  example,    a   solution    is   effected  by   fusing    it 
with  caustic   potash   in   a  nickle  cimcille.      The   solidi- 
fied  mass    is   extracted  with  hot  water,    filtered   aiid 
evaporated  on   a  water-bath  to    a  sni£ill  volume.      This   con- 
centrated   solution   treated  Virith   a  di'^p  of  tropaeolin 
0   0      (or  niothyl   orange)   which   is  not    sensitive   to    boric, 
carbonic    and   silicic    acic'.s,    is  neutralized  with  dilute 
sulphuric    acid.      This   converts   any  oxides  or  hydroxides 
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present    into    :7UlpI.atos,    ar.cl    Trees   the    boric,    carbonic 
and   silicic   acids.        Enough  dehydrated  copper  sulphate 
is  now   added   to    absorb   the  water  and  dehydrate   the   sili- 
cic  acid,    the   mass  traiisferred   to    a   simple   extraction 
apparatus   and   extracted  with   absolute   alcohol.      Boric 
acid   c.lone,    being   soluble,    is   thus   extracted   froi;;  the 
mass.      The   extraction    apparatus   terr-iinates   beneath   the 
surface  of  an    aqueous   solution  of  barium  hydroxide   in 
which   there    is  present   an   excess  of  the   base;    this   so- 
lution   is   contained    in   an   Erloni^oyer  fl.iS'-:  protected    fro. 
the   air  during  the   extraction.      Enough   absolute    alcohol 
is  used   in   the   extraction   to    furnish   in   the   flask  a 
mixture   containing  about   75,.    its  volume  of  alcohol. 
"The   excess  of  bariun.  hydroxide    is  precipitated  by  pass- 
ing  into    it   a   cur^'ent   of  carbon  dioxide,    the   contents 
of   the   flask   are   transferred   to    a  weighed  platinum  dish, 
evaporated   to    dr:n?.ess   and  heated   to      constant  weight   over 
a   triple  burner.      The  quantity  of  boric    anhydride    is 
found  by  the   following  pir)portion. 

Mol.    weight   of  B  ^  0^^  -   raol  •    v^eight   of  C   0^:    mol. weight   of 
B^O^  :  :   weight    found   -   theoretical  weight   of  the  B   a  as 
carbonate    :   weight  of  B^O^  found. 

Jn   18P8   the    results  of  attempts   to    repeat   this  method, 
made    in   the  Kent   Laboratory  (Yale)  by  L.    C.    Jones,   were 


published.        Parts  of  this   article  will    be   quoted:- 
"To   a  measured   anx>unt  of    (aqueous)    boric   acid   solution 
an   excess  of  barium  hydroxide  v/as   added,    carbon   dioxide 
passed   and   the  whole   evaporated",    and   subjected   to    suc- 
cessive   "ignitions"  to   bring   It   to    a  constant  weight. 
Such  was  not  obtained;    but   deficits    in  weight   aioaunting 
in  one  case  to   as  much   as   6<'  of  the  weight  of  boric 
acid  originally  present.        "Plainly  the   results  vary 
with  the  degree  of   ignition.      This   is  obviously  natural 
if  the   carbon   dioxide   acts  on   the   bariun.  borate   as  well 
as  on   the   excess  of  bariun.  hydroxide;    for   it    is   to   be 
expected  that    in   the   evaporation  more  or  less  of  the   free 
boric   acid  will  volatilize   and  that    in   the   subsequent 
ignition   the   boric   acid   remaining  will   tend  to    reconi- 
bine  n»re  or  less   completely,    replacing   carbon   dioxide." 
"It    is  plain    that  bariun:  metaborate   is  decomposed    in 
solution  by  carbon   dioxide.      The  possibility   remained 
that   the  carbon  dioxide  night   be   so    regulated   as   to 
leave   the   metaborate  unattacked.  "      In   experiments  v;here 
it  was   attempted  to    regulate   the  carbon   dioxide,    the 
materials  after   ignition  showed  defic its    in  weight    amount- 
ing to   8f'  and   20,'^,    respectively,   of  the  weight   of  boric 
acid  originally  present    in   each. 
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A  cursory  examination  of  the  results  ol  tained  by 
L.  C.  Jones  leads  one  to  think  them  contradictory  to 
those  obtained  by  liDrse  and  Burton.  Put  a  coinjarison 
of  the  conditions  under  which  each  set  of  results  wus 
obtained  brings  some  facts  worthy  of  consideration  to 
the   front: 

Before  passing  carbon   dioxide,   Jbrse   and  Burton  had 
their  borate   and  hydroxide    in   the  presence  of  a  75f, 
alcohol,    and  v;hen   carbon   dioxide  v^as   conducted    into    the 
flask,    it  was   their   intention   to    continue  this   as   long 
as  was  necessarj'   for  the  neutralization  of  the   excess 
of  barium  hydroxide.         T  have   learned,    though   it    is  not 
stated   in   their  article,    that   the  heatings, after  evapo- 
ration, were   as   gentle   as  was   conformable  with   the  pur- 
pose of  driving  out   the  last   traces  of  alcohol   and  water; 
a  triple  burner  was  used,    because  of  the   large   flame 
given,    to    facilitate  uniformity  of  heating   in   all  parts 
of  the  platinum  dish. 

Jones,    before  passing   carbon  dioxide,    had  his  bo- 
rate  and  hydroxide    in   the   presence  of  water  and   in   but 
to  of  his   experiments  v/as   attention   given   to    any   regu- 
lation of  the   amount   of  carbon  dioxide  used.      His   re- 
sults   indicate,    as  will   be    shown  later,    the  probability 
this   his    "ignitions"  were  of  consideralle   length  and    in- 
tensity. 


An   article   by  Berg  bears  upon   this   matter.  It 

describes   experiments   showing  that  when   an   equivalent  of 
B^O^is   treated  with  1,    1   1/2,    2,    ?,    or  3   1/2   equivalents 
of  B   a  0   -   both   in   aqueous   solutions   -   £ind  to    the   result- 
ing  solution   an   equal  volume  of  95f    alcohol    is   added, 
one   and  the   same   salt,    B  a  B^Ov+  4  HJD    is   always  ob- 
tained,   and   in   crystailline   form  after  one  or  two   days 
standing.      For  the   solution  of  one   part   of  this   salt 
55000   parts  of   75^''-   alcohol   are    required.         Prom  this    and 
from  the   recorded   results  of  Iiforse   and  Burton,    the  most 
probable  view   to   be   taken    is 

(1)  that   metaborate  of  barium  is   formed  during  the 
proper  manipulation  of  their  method,    and 

(2)  that,    if  fcittacked  when   in   solution  by   carbon   di- 
oxide,   it   can  not   be   appreciably   attacked  when   it 
is   renoved   from  the   sphere  of  action   by  virtue 
of   its    insolubility    in   Ibf  alcohol,    in  which    it 
is  more    insoluble   than  barium  carbonate    in  wate 

The   following   experiment,    translated   from  Berg's   article 
is   also   of   interest,    here".-    "25   C   C  of  boric   acid    so- 
lution  and   75   C   C  of  bairyta  water  were  mixed.      There  was 
present  1   atom  of  B^O^  to   1   1/2  atoms  of  B  a  0.  In 


i'" 
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this   case   the   precipitate   first    forued   coiipletely   redis- 
solved    in   the    excess  of  baryta  water.       T   convinced    my- 
self that   the   baryta  water,    and  not   the     greater  mass 
of  water  alone,    accoaplished  the   solution,    by   adding  to 

a  mixture  of  25   C   C  of  boric   acid   solution   and   50   C   C  of 

c  c 
baryta  water  25     of  v/ater;    the   precipitate  would  not   cojtj- 

pletely   redissolve   under  these   conditions."     FrovA  this 
and  from  a  study  of  Jones's   article   the   most   probable 
view   to   be   taken   is   that   there    is  no   reason   for  suppos- 
ing that    in   his  experiments  before   the  passage  of  carbon 
dioxide  he  had  present   any  bariuit  met abo rate,  while   there 
is   ret^son   for  thinking  that  he   had  present   borates   con- 
taining a  larger  proportion  of  base  to    acid  than   the 
metaborate.      That    such   and   also   the   metaborate   should 
be   decomposed   by   carbon  dioxide  when   In   solution   .vould 
not   be    surprising;   but   such   a  decomposition  does  not  ne- 
cessitate,  or   in   the   absence  of  other  data,  warrant   the 
assumption   that    in    it   boric   acid,    as   such,    is   freed. 

The   first   question  that    it  was  thought   best   to    in- 
vestigate was  whethe'r,    during  the   evaporation  which   is 
subsequent   to    the  passage  of  the  carbon  dioxide   and  which 
precedes   the    "ignitions",    any  BJ)^  is  volatilized,    and 
if   so,    bow   niich.      Part    T  of  this   dissertation     has   to 
deal  with   this    investigation. 


it  nrtf 
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PART      I. 

If,    in   attempting  to   precipitate   an  excess  of  barium 
hydroxide   as   carbonate   in   the  presence  of  barium  borates 
by  passing  carbon  dioxide   through  the  mixture  while  par- 
tially  in    suspension   and  partially    in   solution    in    soiiiC 
solvent,   barium  borates  are  decoiLposed  giving   free  boric 
acid,    this  will  volatilize   more  or  less  during  the   subse- 
quent  evaporation  of  the   solvent.      Therefore,   by  collect- 
ing and  condensing  the  vapors  given  off  during  such  an 
evaporation   and  ^  testing  the  distillates   thus  obtained, 
we  have   a  means  of  determining  how  much,    if  any,   boric 
acid  has  been  volatilized  during   the   evaporation.      By 
varying   the   amounts  of  carbon  dioxide  used,    and  the   char- 
acter of  the  solvent  other  facts  of  interest  may  be 
gathered. 

In   the   experiments  described    in   this   part,   barium 
hydroxide   and  boric   acid    in   solution  were   introduced 
into   a  retort.        This   retort  was   joined  with  a  condenser 
and   receiver;    the   solvent  was  distilled   from  a  water  bath, 
a  current  of   soiiie   gas   running   through   the   apparatus  con- 
stantly to    facilitate   the   removal   of   the  vapors   as   formed, 
to    the  condenser.      This  method  of  experimenting   is,    how- 
ever,   subject   to    the  difficulty   arising   from  "mechanical 
carrying  over"  of  liquid  or   solid  particles  with  the  va- 
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pors   in   their  passare   from  retort   to    receiver.      The   exist- 
ence of  the  Wurtz,   Hempel,    Linnemarm,   L&  Bel-Hennif;er  and 
other   special    apparatus   for  distillations   argues   that    this 
difficulty   is   consideraLle. 


The  limit    to  which' the  observer  could   rely  upon   the 
alcohol   flai.ne   test   for  boric   acid  was   fixed   experimental- 
ly.       Green   could   just   be  detected    in   bumin/^  1   cc    of 
absolute   alcohol   containing   in   solution   about    .00007 
grams  B^O,  ,    and  then  only   at   the    instant   before   the   flame 
died  out.      It  was   believed,   hence,    that   the   test  was   reli- 
able   so   long   as  B^O,was  present   to    the   extent   of  7  parts 
in  80000  by  weight,    (taking  the   specific  gravity  of  the 
alcohol   as   0.8) . 


The   sixteen   experiments   recorded   in   the   table  which 
follows  were   carried  out,    in  general,    thus:      A  measured 
volume  of  standard  aqueous   solution  of  barium  hydroxide 
was    introduced   into    the   retort,    and   after   it   a  measured 
volume  of  a   solution  of  boric   acid   in   absolute   alcohol. 
Before   beginning   a  distillation,    in   all   cases,    except 
the   first    four,    enough   alcohol  was   introduced  to   make 
the   liquid   in   the   retort   a  50/*^  alcohol,    by  volume.    After 
joining  up   the   apparatus   the  distillation  was   begun  by 
heating,  upon   f.  wat'jr-bath;    then  a  stream  of  carbon  dioxido 
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was   conducted   throu/^h  the   apparatus   and   maintained  through- 
out  the   distillation. 

To    the    residue   in    the    retort   nwre   alcohol  was   added 
and   the   distillation    repeated  without    interruption  of 
the  current  of  carbon   dioxide.      This   treatment  of  the 
residue   in   the   retort  v;ith  alcohol,  with   subsequent   evap- 
oration vvas   repeated   four  times  with  each  charge  of 
B   a    (0  H)    and  B^O^  introduced   into    the   retort- 


ICAL     '^C^^'^'^C-J 


,  Jfrf c  ' 


I   a 

grams 
.6909 

grams 
.1006 

3  : 

CO. 

cc 
45.5 

65.2 

cc 

40. 

72. 

negative 

T   b 

.6909 

.1006 

3   : 

82. 

CO. 

negative 

T   c 

.6909 

.100  6 

3   : 

92. 

CO, 

positive 

I  d 

.6909 

.1006 

3  : 

96 

c\ 

positive 

TI   a 

.6907 

.1013 

3   : 

73.7 

50. 

52. 

68. 

CO, 

negative 

rr  b 

.6907 

.1013 

3   : 

73.7 

50. 

50. 

64.5 

CO, 

negative 

IT    c 

.6907 

.1013 

3   : 

114. 

50. 

54. 

68. 

CO, 

negative 

ir  d 

.6907 

.1013 

3   : 

81.2 

50. 

52. 

co^ 

negative 

Jir   a 

.6839 

.1012 

3   : 

80. 

50. 

50.5 

75.6 

CO, 

nef^ative 

in  b 

.6839 

.1012 

3   : 

80. 

50. 

52. 

74.3 

CO, 

negative 

in  c 

.  6839 

.1012 

3   : 

80. 

50 

51.1 

72.6 

CO, 

negative 

in  d 

.6839 

.1012 

3   : 

80. 

50. 

50.5 

CO, 

negative 

IV   a 

.6839 

.1006 

3   : 

80. 

50. 

51. 

74. 

CO, 

negative 

n-  b 

.6839 

.1006 

3   : 

80. 

50. 

51.5 

69.5 

CO, 

negative 

IV   c 

.6839 

.1006 

3   : 

80. 

50. 

53. 

64.5 

CO, 

negative 

IV   d 

.6839 

.100  6 

3   : 

80. 

50. 

51. 

71. 

co^ 

negative 

15 


Four  noro   distillations  wei'o  now   mado,    the  dintiiiates 
tested   as    in    the   sixteen  preceding  cases,    and  then  evapora- 
ted  to   dryness  with  caustic   potash  and   tested   apiair,   with 
the   addition  of   sulphuric    acid   and   absolute   alcohol.      In 
the   tests   by   the   former  method,   negative   results  were  got- 
ten  Ir   all.   four  cases,   v/hile   by   the  latter  niethod   two  neg- 
ative  and  two   positive   tests  were  gotten.      The   following 
table   gives  the  details,    the  general  method  being  the 
same   as   in   the   first    sixteen   distillations. 


It    appears   that   traces   of  boric    acid   may  have   escaped 
detection    in    the  tests    in   the   first    sixteon   experiments. 

It   became   evident   that   all  work  projected  or   in   prog- 
ress not   bearing  directly  upon   either  the  work  of  Morse 
and  Burton,   or  of  Jones,   would  havd   to   be  deferred;    atten- 
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tlon  was  therefore  tu-Tied  from  woi'k  in  50f^  alcohol  to 
work  in  wator  under  conditions  similar  to  those  main- 
tained  by  Jones  during  his   evaporations. 

Turmeric   paper  was  prepared,    as  directed  by  FreseH- 
ius,    for  use    in   testing   aqueous  distillates   for  boric 
acid.      To   fix  the   limit  of  the   turmeric    test    ,    aqueous 
solutions  of  boric   acid  of  knovm   strenf^th  were  prepared, 
just   enough  hydrochloric   acid  being  added  to   give   an 
acid   reaction   tovrard  methyl -oran^^e    indicator.      A   solu- 
tion  containing   in   equal  volumes  the   same   amount  of  hy- 
drochloric   acid,    but  not   containing   any  boric    acid,  was 
prepared.     Whenever  a   test  was   to   be   made,    a  slip  of 
turmeric   paper  was  taken   from  the  glass   stoppered   jar 
well   covered  with  black  paper,    in  which   it  was  kept, 
cut    into   halves,   one  half  dipped   into    the   solution   to 
be   tested   for  boric    acid,    and  the  other  half  for  the 
same   length  of  time    into    some  of  the   dilute   solution  of 
hydrochloric   acid.        In  testing  very  dilute   solutions  of 
boric   acid  where  once   dipping  of  the  paper  failed   to    in- 
dicate the   acid  present,    more   frequent   dippings  were    re- 
sorted to.      After  each  dipping  the  paper  was  dried  on 
a  glass  plate  heated  upon   a  water  bath.      The  concentra- 
tion of  the  coloring  matter  on   the   edge  of  the  wet  por- 
tion of  the  papers   rendered   tests    involving  five  or  more 
dippings  doubtful. 
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It  was   found  that   the   turmeric   test  was  unexpectec'ly 
delicate.      Paper  dipped  once    indicated  B^Oj  so   long   as    it 
was  present    in   amounts  not   less  than  1  part    in   59000 
parts  of  water;    dipped   four  times   it    indicated  B^O^  so 
long   as    it  was  present    in   arxjunts  not   less  thim  1   part 
in  143000  parts  of  water.      That    is,    it    is   a  little  more 
than   ten   times   as  delicate   a  test   for  boric   acid   i:i 
aqueous   solution,    as    is   the   alcoholic   flane   test   for 
boric   acid   in   solution   in   absolute   alcohol. 

In   the   twenty  distillations   already  described, 
evaporation  of   the  material    in   the   retort   to   dryness  was 
never  accoraplished.      This  was  desirable    in   the  distilla- 
tions icat   to   be  described.      To    this   end,    a  porcelain   tube 
filled  with  broken  porcelain  and  heated    in   a  combustion 
furnace  was\^o__arrang^edN  fljaS  joined  with   the   retort   by   a 
tube  through  its  tubulusV   that   by  exhausting  the   receiver 
it  was  possible   to  have  4  current  of  hot  dry  air  enter 
the   retort,    thus   facilitating  the   distillation   and  making 
evaporation   to   dryness  upon   a  water-bath  possible.      As 
is  usually  the   case    in  using  a  porcelain   combustion   tube, 
it  was   found   almost    impossible   to    so   protect   either  a 
cork  or  rubber  stopper  u^ed   in   the   end  of  the   tube  nearer 
the    retort,    as   to   prevent    its  burning.      Finally  the   end 
of  the   tube  was   closed   by  baking   into    it   a  plug  made  of 
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a  dough  of  fifebrick   clay,    soluble  rlass,    and  water.    A 
glass  tube   ran   through  the   center  of  this   plug.      This 
pi'oved   so   efficient   and   sat isfactoi-y  that    it    is   recom- 
mended  in   cases  where  the  difficulty  mentioned   is  en- 
countered. 

The  five  experiments   in  the  following  table  were 
conducted,    in  general,    thus:-     Known  volumes  of  aqueous 
barium  hydroxide   and  boric    acid   solutions  were  brought 
into    the   retort.      A  drop  of  phenolphthalein  Indicator' 
was   added   and   carbon   dioxide  passed  through  the  mixture 
to  neutral    reaction,    and   a  minute  or  two   longer.      The 
retort  was  no#  put   on   a  water-bath,   joined  with  the   com- 
bustion  tube  at    its   tubulus   and  with  the   condenser  and 
receiver  as  usual.      Av^nsen  pump   served  to   draw   the   hot 
air  through  the   system,   until   the  material    in   the   retort 

came   to   dryness.  [ 
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VT 
VTT 

v;rr 

IX 

X 


firams 
.1776 
.1908 
.1808 
.1903 
.3806 


grains 
.0430 
.0465 
.0458 
.0458 
.0467 


2  :  1 

2  :  1 

2  :  1 

2  :  1 

4  :  1 


cc 
13.8 
14.8 
14.6 
14.7 
22.3 


cc 
13.8 

14.8 
14.6 
14.7 
22.3 


dry  air 

dry  air' 
dry   air 

dry   air 
dry   air 


posil 
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While   the   apparatus  was   arranged,    three   experiments 
in  50;''  alcohol  were   tried.      They  differed    in   this   re- 
spect   alone   from  the    five   just   described!    and    from  the 
first   twenty   experiments  ^  in   that   the   amount   of  carbon 
dioxide  used  was   but   slightly    in   excess  of  that    required 
to   bring   about  neutral   reaction  toward  phenor<iphthalein 
The   results  are   recorded: 


Experiments   to   determine  the  limit  of  the   turmeric 
test    as   applied   to    solutions  of  boric   acid   in   50'     alco- 
hol  had  been   carried   sk«   far  «B  to    show    its   ready   appli- 
cation where   there  was   at   least   1  part   of  B^O   present    iii 
14000   parts  of  50f,   alcohol,  when   all   the   solutions   and 
careful l.y  calibrated  measuring   apparatus  were  destroyed 
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by   a  fire.      Upon  what   experience   I  had  had  with   it  befope 
this,    in  ray  opinion   it    is  very   sensitive  when   thus   ap- 
plied.     Too    frequent   dipping  must   h^^r  be   avoided,   how- 
over,^  because  of  the   solubility  of  the   coloring  inatter 
in   the   alcohol . 

Conclusionsi- 

The  question  pix>posed   for   investigation   in   this 
part  of  the  work  was  whether,    during  the   evaporation 
Mrtiieity^   subsequent   to    the  passage  of  carbon   dioxide, 
anri  yfliiyh  p^etnive   the    "ignitions",    any  boric    acid   is 
volatilized,    and   if   so,    how   nuch. 

As   experiments   I   a  to  V  d   and  XT,   XII   and  XTII  bear 
upon   an  unfinished  problerii,    the  discussion  of  them  will 
be   taken  up   after  th^^t  of  experiments  VI  to   X. 

Reference   to    the   tables   shows  that    in   experiments 
VI   to  X  the   liquid   in  which  the   barium  borate   and  car- 
bonate were  precipitated  was  water;    that   the  carbon  di- 
oxide was   restricted   by   aid  of  an    indicator;    and  that 
in  general   the   conditions  were   the   sane   as  those  used   by 
Jones    in  his   two   experiments  where   an   attempt  was  made 
to    restrict   the   amount  of  carbon  dioxide  used.      In  these 
he   found  deficits   in  weight   after  ignition  of  8f^  and  20/*^ 
of  the   total  weight  of  B^^fV  present ,    and   amounting  to 
errors  of  1.9f^  and  5.2^    when  compared  with  the   theoret- 
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ical  weight   fov  a  mixture  of  barium  carbonate   and   barium 
metaborate  he   expected   to   get.         In   the  distillates  got- 
ten   in   experiments  VI   to   X,    knowing  very   closely   the    sen- 
sitiveness of  the  turmeric    test   and  the  volumes  of  the 
distillates  we   can   approximate  very  closely  to    the   total 
amounts  of  B^Oj  present    in   them.      Calculations  upon   this 
data  have  been  made   and,    as   applied   to    the   extreme   case 
aiBDng  the   five,   v/ill   be  given   in  order  to    avoid   any  mis- 
understanding. 


Turmeric   paper  dipped   1   time    indicates  1  part   B^O^    in 
59000  of  water 

Turmeric   paper  dipped  4  tiji^es   indicates   1  part  B^O      in 
143000  of  water 

assuming  the   gradation   from  1    to   4   times   as   regular, 
then, 

Turmeric   paper  dipped  2  times    indicates  1  part   B^O      in 
87000  of  water 

Turmeric   paper  dipped  3  times   indicates   1   part  B^O^     in 
115000  of  water. 


Study  of  the   table   sho./s  that    in  X  the  maximum  araoujit  of 
boric    acid  has   appeared   in   the   distillate.    Its  volume 
was   22.3  ^°and  the   fourth  dipping   showed  boric    acid 
22.3   -r   143000    =    .OOOie^B^Oj.    The   total   B  ^  0^    in    it, 
therefore,   was   about    .00015      . 

By   further  examination  of  the   table   and  data  de- 
rived  from  it,    it  was   found   that    in   experiment  VI  more 
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boric    acid   had   appeared   in   the   distillate   in  proportion 
to    the  theoretical  weight  of  the  B   a  0    and  B  ^  0^    in  the 
form  of  B   a  B^O^and  B   a  C  0^  ,    than    in    any  other  of  these 
five   experiments.      The   theoretical  weif;ht    referred  to 
anxjunts   to    .2432     and   to    find   the  B^O^  in   the  distillate 
we   divide    its  volume   by   the   test  number  for  three  dip- 
pings :- 

13.8    T   115000    =    .00012^B^0_j 
Calculation   for  percentage :- 

100.  X   .00012     _     (s.Q  df 
":243'2  '"^^  ^' 

That    is,    in   the  maximum  or  extreme   case   the   eri-or   intro- 
duced   into    the   final  weighing  by  the   loss  of  B^O^  during 
evaporation   approximates  to  only   about    .049/^  of  the   total 
weight . 

This  answers  the  question  which  we   started  out   to 
investigate:-     The   amount  of  boric   acid   appearing   in   any 
distillate   after  evaporation,  when   the  previous   treatment 
with   carbon  dioxide  has  been    restricted,    is,    at    its 
greatest,   very   small. 

?,o    small    is   this  quantity   that,    in   all   fairness,    it 
can   as  well  be   ascribed   to    the    "mechanical   carrying  over" 
as  to    any  decomposition  of  barium  borate   by  the   carbon 
dioxide  used. 
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Tf  this  is  the  maxiiouia  amount  of  boric  acid  lost  as 
a  result  of  the  decoii5)ositioii  of  barium  borates  by  carbcr 
dioxide  in  the  presence  of  water  in  which  they  are  fair- 
ly soluble,  how  slight  must  be  the  boric  acid  lost  as  a 
result  of  the  deco reposition  of  barium  metaborate  by  car- 
bon dioxide  in  the  presence  of  75f^  alcohol  in  which  it 
is,    as  has  been  pointed  out,   practically   insoluble. 

It  was  under  these   latter  conditions  that   Lbrse    and 
Burton  worked,    and  their  results    indicate   as  does   this 
work,    that   they  did  not   suffer  apprec;iably  by  loss  of 
boric    acid  during   evaporation. 


Since    it   has   been    shown   that  under  conditions   anal- 
ogous   to    those  under  which  Jones  worked  only    .00016  B^Oj 
was  lost   during   evaporation,    amounting  to   only    .35^    of 
the   total  B^O^  present,    it   seems  that  Jones  must   be    in 
ertx)r   in   ascribing  greater  losses  than   this  to   losses 
of  boric   acid  by  volatilization   during   evaporation. 


I  •aras 
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Before   closing  Part    T  mention   naist  be  made  of  the 
experiments    T   a  to  V  d   and  XI,   XT!   and  XTTI. 

Experiments    I   a  to  V   d   show   that  when   barium  borates 
and   carbonate    in   50J    alcohol   are   subjected   to    the   action 
of  carbon   dioxide   in  lixiT,e  quantities   and  during   consid- 
erable  lengths  of  time   at   teH5)erat;ures   from  78°  C   to 
100°  C,    boric   acid    in   some   form  or  other   is  carried  over 
with  the  vapors   and,    if  they  are   condensed,    it    is  pres- 
ent   in   the  distillates   in  detectable   amounts.      Experiraenttj 
XI,   XII   and  XIII   shov^   that   there    is   connection   betv^een 
the  unlimited  use  of  carbon   dioxide   and  the   appearance 
of  appreciable  quantities  of  boric   acid    in   the   distil- 
late,   because    in   these  cases  where   conditions   are  other- 
wise  the   same^but  where  the   carbon  dioxide    is   restricted 
in   amounts,    the  quantity  of  boric    acid   in   the   distil- 
lates becomes  very  small.      It  was  proposed   to    study   this 
matter  systematically,    but  opportunity  did  not  offer 
itself  at   the   time   these  observations  were  made   and  has 
not  presented   itself  since. 
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PART      IT. 

The  invest igLition  in  this  part  of  the  work  is  con- 
cerned with  the  action  of  the  acid  borates  of  barii.n:  on 
carbonate  of  barium  at  difierent  temperatures.  A  large 
aiuDunt  of  data  was  collected  to  furnish  a  coiiiparatively 
broad  basis   for  any  conclusions  drawn:    thie  data   *fe  given 


in    the   tables    in    this  Part    IT, 


All  measuring   apparatus  used   in   this   investigation 
was  calilrated  by   the  method  of  Morse   and  Blalock  so 
that  neasureiBents   could   be   made  that  were    accurate  to 
one-hundredth  of  a     cubic   centimeter.      T he rnxj meters  used 
were   first   examined   as   to   the   correctness  of  their   "fixed 
points."       Water  free   fixim  carbon  dioxide   for  use    in 
titrations   and   solutions,    and  absolute   alcohol  of  99. sf 
by  volume  v/ere  prepared.      Special    apparatus  was  devised 
by  v/hich  a   standard   solution  of  barium  hydroxide   could 
be   conveniently  handled,    permitting  the   solution   to   be 
made,    filtered,    stored  and  drawn   into    a   burette  when  de- 
sired without    its   exposure   to   the   air  at   any  time.      The 
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basis   to  which   all  volumetric  work  v/as   referred  was   a 
solution  of   sulphuric    acid    standardized  by  precipitating 
and  weighing  the   acid   from  measured  volumes  of   it    as 
barium  sulphate.      In   titrating,   barium  hydroxide   solution 
was   alv.'ays   run    into    sulphuric    acid   solution.      Pure   boric 
acid  was  prepared    in   two  ways   from  boric   acid  gotten   by 
decomposing   borax   in    solution,    by   sulphuric   acid.      By 
the  one,   the   crude   acid   after  being  washed  well  with 
cold  water  was    introduced    into    a  flask  connected  by   a 
U-shaped  tube    (reversed)  with  an  upright   condenser  and 
a  flask.      By   a  safety  tube   alcohol  v/as    introduced    into 
the   flask  and  distilled  off.      The  boric    acid  which  crys- 
tallized out   from  the  distillate  was   filtered  off  and 
the   alcohol    returned   to   the   flask  and   the  whole  opera- 
tion  repeated  many   times-        With  two    such  pieces  of 
apparatus   considerable  boric    acid  was   collected.      Before 
UBe    it  was   alv/-ays   fused   to    a  clear  glass  over  a  blast 
lajjip,    to    remove   alcohol   and   boric   ethers   and  carbon   re- 
sulting  from  their  decon^josition  when  heated  over  an  or- 
dinary turner.      The  other  method   consisted  of  ten    re- 
crystallizations  of  the   crude   acid   from  v/ater;    the  prod- 
uct was   free   from  sulphuric   acid   and   showed  no   trace  of 
sodium  by   the   flanie   test.      It  was   analyzed   to   determine 
if   it  was  the  non.ial   acid,    K,B  0    ,    as  wus   supposed. 

3  vS 


MqlsM  0 


28 


This   contains   43.60<    of   'Vater  of  constitvtioi     i'      Analy- 
ses were  made   by  heating  the   acid,    in  one   case,   well 
mixed  with  fine   copper  oxide,    and    in    another  with   fine 
sodium  carbonate   in   a  platinum  bo^t,   proceeding  much   as 
one   does    in  determining  water  in   silicates  by  the   lead 
oxide  method.      However,    ir.   e^ch  case   the   fonvard  end  of 
the   tuLe  was   filled  with  the   same   substance  as  was    in   the 
boat  with  the   acid,    and  behind   the  boat    the  tube  was 
closed  with  a  long   roll  of  oxidized   copper  gauze.      The 
results  of  the   analyses  were   as   follows :- 


When  heated  with  C  u  0,  water  found,    =  43.60f 

=   42.46  fo 


When  heated  with  TI  a  C  O3  ,    "  "      ,=  43.66  ^ 


=  44.07  % 
Average  43.73  % 


ibtSfi    9fi' 
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Three   different    standard   solutions  of  boric    acid 
were  used    in   the  work.      The   first  was  prepared  by   dis- 
solving a  weighed  quantity  of  the  normal   acid    in   abso- 
lute  alcohol.      The   second   and   third  were   prepared   fi-nm 
fused  B^O^by  dissolving   in  one   case    in   95.  S/*^"^  alcohol    and 
in    the  other,    in  v/ater.        That   these   solutions   might   be 
as   reliable   as  possible   they  wei'e  prepared   as   foll.ov/s: - 
An   empty  platinum  crucible   enclosed   in   a  glass-stoppered 
weighing  bottle  was  carefully  weighed,   irsi»g  another 
weighing  bottle  of  approximately  the   same   size^as   a  tare 
upon   the  other  pan.        The  cnicible  was   removed   and  heated 
over  a  Bunsen   burner,    crystallized  boric   acid  beinf 
dropped   into    it    in   small  portions  until   it  was   about 
half-full  of  a  semi-vitreous  mass  of  partially  dehydrated 
boric   acid.      It  was  then  heated  over  the  blast   lamp   six- 
teen  hours,   cooled  in  a  desjfeicator  <j#  svlphuric   acid, 
transferred  as  quickly  as  possible   to    the  weighing  bot- 
tle mentioned   and   again   the  weight   taken   as   above.      The 
gain    in  weight   represented   the  B^O_j  in   the   crucible.      A 

dry  beaker  of  about   250   C,C.  capacity  was  placed    in   an 

c 
ercpty  desfei^ator;    to    it,    the   crucible   and  boritf  acid  wer 

quickly  transferred,    the  desired   solvent   added,    and  the 

des|icator  closed.      As   the   solvent   became   saturated  with 

the   acid    it  was   poured  off   into    the  measuring   flask   and 

a   fresh  portion  of  the   solvent    introduced    into   the  beaker, 

and   the  desjjicator  closed.      By   this  means    it  was  possible 
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to   transfer  all   the  B^O^  from  the   crucible  to   the  ineasur- 

c 
ing   fla?k;    the  desiicator  prevented  loss  of  solvent   and 

solute  by   evaporation  which  might   have   been   apprecii.ble    in 
the   considerable   length  of  time   required  for  the    solu- 
tion . 

Jn   all   cases  where  alcoholic    solutions  were  meas- 
ured,   corrections   for  temperature  were   applied.      The   ad- 
visability of  this  can   be   shown   thus:    The   range   in   temp- 
erature  Lit  which  measurements  v/ere   nade  was   fror„  +17.2° 
C   to    +   28.5°  C.      By  Recknagel's   figures   for  99. 3j'  alco- 
hol,   a  rise    in   temperature  of  11.3°  C  would  change  the 
volume  of  lOTO  to   that  of  1011.858^°   or  about   l.lSf'. 
When  measurements  are  made    in  glass  vessels   this   error 
is  diminished  by    .05f  ,    leaving   an   error  of  l.lSf'. 

In   the   experiments  that   follow   the   general  method 
of  proce»^4K"g  was   to    run   a  measured  volume  of  barium 
hydroxide   solution    into   a  weighed  platinum  dish,    and 
then   add  boric   acid   solution    in  less   than   equivalent 
quantity.      The  conditions  during  passage  of  carbon  di- 
oxide  and   evaporation   are   given    in   each   experiment.    Re- 
peated heatings   and  weighings   followed   evaporation. 
Special   treatment  of  the   materia.!    is  descriled  wherever 
such  was  used. 
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Determination   1. 

Volume   aqueous   B   a    (0   K)^run    in   dish  28.15 

WeiRht  of  B   a  0    in   dish  =    .2744^ 

Volume   alcoholic    (98.8,'^)    E  0.  solution    run    in   dish     14.08^ 

Weight   of  B^O^in  dish  =    .0983^ 

.0983  ^B^O^  is   equivalent   to    .  2158^B   a  0 

Ratio   B^O^ present   to   B   a  0    is   approximately  4    :    5 


Theoretical  weight   as   B   a  B_^0^^   B   a  C   0^    =    .3896^ 


The   material    in   the  dish  was   evaporated  to    dryness 
on   a  water-bath,   under  a  stream  of  C  0^;    this   required 
about   three  hours.      It  v/as   cooled    in   a  des^icator  and 
weighed.      Then   more  water  was   added  and   the  dish  placed 
in   an   atmosphere  of  C   0 ^during  48   hours;    evaporation   to 
dryness,    cooling   and  weighing  followed.      The   rest   of  the 
treatment    is   sufficiently  described   in   the   table  which 
fol  Lov/s  • 
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Table  of  Experiments   in   Determination   1 


Theoretical  weip;ht 


3896 


Weight 

found 
in 

grauis 


Change 

in 
weight . 


Error 

+.0547 
K05;7 
-.0037 
-.0126 
-.0153 
-.0168 
-.0181 
-.0193 


Peated  on  water  bath 
Heated  on  water  bath 
Heated   40   min.over  3   bumei 


15 


•  4443 
.4443 
.3859 
.3^70 
.3743 
.3728 
.3715 
.3703 


0 
-.0584 
-.0089 
-.0027 
-.0015 
-.0013 
-.0012 


Deterriiination    2 

Volume   aqueous   B   a    (0   H)^run  into   dish- 
Weight  of  B   a  0    in   dish  =    .2778^' 

Volume   alcoholic    (99.8'"^)    E  0  solution    run    into 


Weight  of  B^O,  in  dish 


=    .0986' 


28.49 


dish        14.13 


.0986'   B^O^is   equivalent   to    .2165^B   a  0. 

Ratio   B^O,  present   to   B   a  0    is   approximately  4:5. 

Concentration  of  mixture  with   respect   to    alcohol   33f 
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The   material    in   the  dish  was   evaporated    to   dryness 
on   a  water-Lath,    under  a  strea/L  of  C  0    .        After  cooling 
and  weighing,   water  was   added   and   the   treatment   repeated. 
Other  experimental   details   are  given    in    the   table  :- 

Table   of  Expei'iments    in  Determination   2. 


Theoretical  weight 


3940 


Weight 
found 

in 
grams. 


Change 

in 
weight . 

in 
grams 


Erro  r   in 
grams 


1.  Heated  10  min-over  1  burner 

2  Heated  40  min.over  5   burners 

3  "  15  "  "      " 

4  ft  2^  r,  It  tt  M  ft 

5  "  15  "  "       " 

6  "  15  "  "       " 


,4096 
3835 
3803 
,3765 
,3758 
3733 


-.0263 
-.0030 
-.0036 
-.0007 
-.0025 


+.0156 
-.0107 
-.0137 
-.0175 
-.0182 
-.0207 


.._i 


Detei-ninations   1    and    2   show   that   when   33f^  alcohol    is 
the  menstruum  in  which   the  barium  carbonate  has   been   pre- 
cipitated  in   the   presence   of  barium  borate,    the   saltr 
obtained  upon   evaporation  undergo   losses  of  weight  upon 
strong  heating,    similar  to    the   losses   obsei'ved   by  Jones. 
The    amount   of  carbon   dioxide    in    those  determinations  w^is 
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not   carefully   rer;ulated.         A  remarkable   tendency  or.    the 
part  of  the   material   after  heating   to   gain  weight  while 
on   the  balance   pan  was  ©bserved  and   regarded  as   signifi- 
cant,   but    its   further   study  was  delayed  until    later. 
The   losses    in  weight    are   roughly  piX)portional   to    the    in- 
tensity  and   du  'ation  of  the  heating   the   mixed   salts   have 
been   exposed  to  • 

If  this    is   a  general   relation,    then  less   strong 
heating  shiould   cause   less   lors   in  weight;    carried   fur- 
ther back  this   reasoning  suggests   the  possiliLity  of 
finding  a  temperature    so   moderate   that    repeated  heatings 
at   that    tenqperature  would  not  produce   repeated  losses. 
Hence,    experiments  might   pix)fitably  be   begun   at   the   low- 
est  temperature   consistent  with  the   removal  of  whatever 
the  aqueous  or   alcoholic   liquid  that   had  not    been   driven 
off  during   the   evaporation  on   the  water-bath. 

To    this   end  a  constant   temperature   air-bath  was   con- 
structed capable  of  adjustment  within  half  a  degree   for 
several  hours  heating.      Experiments  were   begun   at    nO° 
C.       (In   the  light  of  later  experiences    it   seems  that  ver- 
interesting  data  might   be  obtained  by   studies   at   lower 
temperatures,    but  no    such  experiments   have  been  made.) 

The   tables  of  determinations   3,    4,    5,    6,    and   7   record 
these   experiments,    along  with  some   at   more   elevated   temp- 
eratures. 
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Determination   3- 

Volunie   aqueous  B   a    (0   H)^    run    into   dish  31.87*^ 

Weight  of  R   a  0    in  dish  .3144^ 

Voluriie   alcoholic    (99. 8f^)    boi'ic   acid   solution 

run    into  dish  11.46 

Weight  of  E^O^in  dish  .0802^ 

.0802^  B^O^     is   equivalent   to      .1760^   B   a  0. 

Ratio   B  ^  0^   present,    to   B   a  0    is   approximately  1    :    2 

Concentration  of  mixture  with   respect   to    alcohol   26^'"' 

Theoretical  weight   as  B  a  R^0^+  B   a  C  0,  =   .4343^ 

The  preparation  of  the   material    in    this   case  was 
much  as   in  the  preceding  determinations;   however,    the 
dish   and   contents  were   allowed  to   stand    in   an   atmosphere 
of  carbon   dioxide   for  one  hour  before  evaporation,    and 
during   evaporation   carbon   dioxide  was  not   allowed   to    run 
over  the   surface  of  the   contents  of  the   dish.      In   this 
determination,    some   atten^t   to    study  the   tendency   to 
gain  weight  during  weighing  was  made,    but    such   study   fur- 
nished no   data  for  any   conclusion   regarding   it- 


im  •sufiov 


otb 


Table   of  Experiments    in 

Determination   3 

Theoretical  weight      .4343 

Weight 
found 

Chiinge 
in  wt. 
in 

Error 

in 

nrams 

grams. 

in 

nranif-;. 

I   Heated   on  wator-ba' h  4  hours 

.5400 

+.1057 

2  Stood    in    air  1    3/4  hours 

.5414 

+.0014 

+.1071 

3  Heated  on  water-bath  1/2  hour 

.5302 

-.0022 

+.1049 

4   Stood    in    air  14   1/2  hours 

.5400 

+.0006 

+.1057 

5   Heated  on  water  bath  1/4  hour 

.5381 

-.0019 

+.1038 

6  Stood    in   air  1   hour 

.5396 

+.0015 

+.1053 

7   Stood    in   air  6  days 

.5408 

+.0012 

+.1065 

8  Heated    in   air-bath   at   100°   for 
3  1/2  hours 

.5382 

-.0026 

+.1039 

9   Stood    in   air  1/4   hour 

.5383 

f.OOOl 

K1040 

10   Stood    in   air  1/2  hour 

.5385 

^.0002 

+.1042 

11  Stood    in   air  3/4  hour 

.5389 

+.0004 

+.1046 

12  Stood    in   air  1  hour 

.5389 

+        0 

+.104  6 

13  Stood   in   air  1   1/4  hours 

.5390 

+.0001 

+.1047 

14   Stood    in   air  1    3/4   hours 

.5390 

+         0 

+.1047 

15   Stood    in   air  2   1/4  hours 

.5392 

K0002 

+.1049 

le   Heated   in   air-bath  at   100°  for 
3   1/6  hours 

.5351 

-.0041 

+.1008 

17    Stood    in    air  1/4   hour 

.5364 

f  .0013 

+.1021 

18   Stood    in   air  1/2  hour 

.5368 

+.0004 

+.1025 

19   Stood    in   air  3/1   hour 

.5300 

+         0 

+.10:  5 

Determination   3    (con.) 


Weinht 
found 

in 
gruias 

Change 
in  wt 

in 
grams 

Error 

in 
f^ram.'! 

20 

Stood    in   air  1  hour 

.5373 

+.0005 

+.1030 

21 

Stood    in    air  1    1/4   hours 

.5368 

-.0005 

+.1025 

22 

Stood   in   air  1   3/4  hours 

.5374 

+.000  6 

+.1031 

23 

Stood    in   air  2  1/4   hours 

.5375 

+.0001 

+.1032 

24 

Stood    in    air  17   3/4   hour's 

.5381 

+.0006 

+.1030 

25 

Heated    in   air-bath  at   100°  for 
1  hour 

.5337 

-.0044 

+.0994 

26 

Stood    in   air  1/4  hour 

.5364 

+.0027 

+  .10  21 

27 

Stood    in   air  1/2  hour 

.5364 

+        0 

+.1021 

28 

Stood    in    air  3/4  hour 

.5366 

+.0002 

+  .1023 

29 

Stood    in   air  1   hour 

.5367 

+.0001 

+.10  24 

30 

Stood    in   air  1   1/2  hours 

.5372 

+.0005 

+.1029 

31 

Heated    in    air-bath   at    110"   for 
1   hour 

.5325 

-.0047 

+.0982 

32 

Stood    in   air  1/4  hour 

.5352 

(-.0027 

+.1009 

33 

Stood    in   air  1/2  hour 

.  5355 

+.0003 

+.1012 

54 

Stood   in   air  0/4  hour 

.5357 

+.0002 

+.1014 

35 

Stf)od    in   air  1  hour 

.5353 

-.0004 

+.1010 

36 

Stood    in   air  1   1/2  hours 

.5355 

+.0002 

+.1012 

37 

Heated    in   air-bath  at    110°   for 
1  hour 

.5311 

-.0044 

+.0968 

38 

St'iod    in    air  1/4   hour 

.5339 

+.0028 

+. 0096 

39 

Stood    in   air  1/2   hour 

.57.41 

+.0002 

+.0990 
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Determination   3    (con.) 


Weif^ht 
found 

in 
nrctias 


Change 
in  wt. 

in 
griuas 


Er  '-o  <r 

in 


40  Stood    in   air  3/4   hour 

41  Heated    in    air-bath   at    110°   for 

2  hours 

42  Stood    in    air  1/4  hour 

43  Stood    in    air  1/2  hour 

44  Stood    in   air  0/4  hour 

45  Stood    in   air  1   hour 

46  Stood    in   air  1    1/4  hours 

47  Heated    in   air-bath   at    110°  for 

4  1/4  hours 

48  Stood  in  air  1/4  hour 

49  Stood  in  air  1/2  hour 

50  .Stood  in  air  3/4  hour 


.5342 

.5317 
.5336 
.5340 
.5342 
.5340 
.5340 

.5358 
.5343 
.5346 
.  5:546 


+.0001 

-.0025 
^.0019 
+.0004 
+.0002 
-.0002 
+    0 

-.0002 
+.0005 
+.0003 
+   0 


+.0999 

+.0974 
+.0993 
H.0997 
+.0999 
+.0997 
+.0997 

+.0995 
+.1000 
+.1003 
+.1003 


Determination   4 

Volume   aqueous  B   a    (0  K)^    run   i^to   dish 

Weight  of  B   a  0    in  dish 

Volurae   alcoholic    (99.8/'^)    boric   acid   solution   run 
into   dish 

Weight  of  E   ^  )^  in   dish  .0987^ 

.0987   g   B^O^is    equivalent    to    .2167   g      B   a  0 

Ratio   of  B^O^  present,    to   B   a  0    is   approxi.aately   2    :    5 


5167 


35.99 


14.13^ 


^    rraoix 
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Concontration  of  mixture  with  rospect    to    alcohol    es,*^. 
Theoretical   v/eight    as  B   a  B^O^    +  B   a  C   0      =    .7015^ 

The   mixture  was   evaporated   to    a  sjaal  L  volume   upon    a 
water-bath.        Then  carbon   dioxide  was  passed  over   its   sur- 
face  for  one-half  hour,    the   heating  being  continued.      After 
the   carbon   dioxide  was   stopped,    the   evaporation  was   carried 
to   drj-ness   and   the   experiments  described    in   the   table   f o  L  lev/ 


Table  of  Experiments   in 

Determination  4. 

Theoretical  weir;ht        .7015^ 

V/e  i.f^ht 
found 

Change 
in  wt. 

Error 

in 

in 

in 

grans  • 

grams • 

grams. 

1   Heating  on  water-bath   to   dryness 

.7257 

+  .024:; 

2  Stood    in   air  1   l/5   hours 

.7265 

+.0008 

+  .0  250 

3  Heated    in   air-bath  at   100°  for 
3  1/2  hours. 

.7229 

-.0036 

+.02L; 

4  Stood    in   air  1/4   nour 

.7235 

+.000  6 

-.0220 

5   Stood    in   air  1/2  hour 

.7241 

+.0006 

-.0226 

6   Stood    in   air  3/4  hour 

.7251 

+.0006 

+.0  232 

7   Stood    in   air  1   hour 

.  7254 

+.0003 

+  .02.- 5 

8   Stood    in   air  1   1/4  hours 

.7256 

+.0002 

+.0237 

9   Stood    in   air  1    3/4   hours 

.7258 

+         0 

t-.0237 

10   Stood    in   ai"  2   1/4  hours 

.7;^58 

+.0002 

+.0  239 

IL, Heated    in   ai--bath   at   inn°  for 
5   1/6  hours. 

.7230 

-.0026 

+.0211 

Determination   4    (cont.) 

v/eir:ht 
found 

in 

in  wt. 
in 

Erro  r 
in 

C  rains 

^rams. 

grams 

12  Stood    in   air  1/4   hour 

.7235 

+.0005 

.    K0216 

13  F.tood    in   air  1/2  hour 

.7  237 

+.0002 

+  .0  2lf; 

14  Stood   in   air  3/4  hour 

.7238 

+.0001 

+ .  0  2J  0 

15   Stood    in   air  1    hour 

.7239 

+.0001 

+.nzki 

16   Stood    in   air  1   1/4  hours 

.7239 

+        0 

+.0220 

17   Stood    in   air  1    3/4   hours 

.7241 

+.0002 

+.0222 

18   Heated   in   air-bath   at   100°   for 
1  hour 

.7217 

-.0024 

+.0198 

13   Stood    in    air  1/4   hour 

.7222 

+.0005 

+  .0205 

20   Stood    in   air  1/2  hour 

.7224 

+.0002 

+.0205 

21   Stood    in   air  0/4  hour 

.7224 

+        0 

+.0205 

22  Stood    in   air  1   hour 

.7225 

+.0001 

+  .020G 

23  Stood   in   air  2  hours 

.7227 

+.0005 

+.0211 

24  Heated    in   air-bath   at    110°   for 

1   hour 

25  Stood    in   air  1/4   hour 

.  7198 
.7210 

-.0029 
f.0012 

+.0183 

+.0195 

26  Stood   in   air  1/2  hour 

.7213 

+.0003 

+.0198 

27   Stood    in   ai-  3/4  hour 

.7214 

+.0001 

+.0190 

28   Stood    in   air  1   hour 

.7207 

-.0007 

+.0192 

29   Stood    in    air  1   1/2  hours 

.7215 

+  .mo8 

+.0200 

50   Heated    in    air-bath   at    110°   for 
1   hour 

.7189 

-.00  26 

+.0174 

31   Stood    in   air  1/4  hour 

.7214 

+.00  25 

^-.0199 

32  Stood    in    air  1/2   hour 

.7217 

+.0003 

.0202 

35. Stood   in   air  3/4  hour 

.7213 

+.0001 

+.0203 

'f  ..t 
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Deterniir.atior.   4    (cont.) 


Theoretical   weight      .7015 


pF 


Wo  ir.ht 
found 

in 
fjrams 


Chiinge 
in  wt . 

in 
/^rams 


Ei-ror 
in 


34  Heated    in    air-Lath   at   110° 

for  2  hours 

35  Stood    in   air  1/4   hour 

36  Stood    in    air  1/2   hour 

37  Stood    in   air  0/4  hour 
36  Stood    in   air  1   hour 

39  'Stood    in   air  1   1/4   hours 


.7175 
.7207 
.7215 
.7215 
.7^220 
.7217 


-.0045 
+.O052 
+.0006 
+.0002 
+.0005 
-.0005 


+.0160 
+.0192 
+.0198 
+.0200 
+.0205 
+.0202 


Dete^Eination    5 

Volume  of  aqueous  B   a    (0  H)^put    into   dish 


Weight   of  B   a  0    ir.   dish 


,4475' 


Voli.ne  of  alcoholic    (99. 8f)    boric   acid    solution 
put   into  dish 


Weight   of  E  0    in  dish 


.1002' 


.1002^     B^O^    is   equivalent   to    .2200^   B   a  0 
Ratio    E^O ^present,    to   B   a  0    is    approximately   1    :    2 
Concentration  of  mixture  with  respect    to    alcohol   2lf 


31.26 


Theoretical  weight   as   B   a  B^O^    +  E   a  C   0^    =    .6127'' 


Table    of   Experiment n    ir 

Deton.ap. 

at  ion    5. 

Theoretical  weight        .6127  ^ 

WeiRht 
found 

in 

Change 

in  wt. 

in 

Er  x)  r 
in 

grams 

firaras 

grams 

1 

Heated    in   air-bath  at  110^  for 
1   hour 

.6515 

0 

+.0388 

2 

Stood    in    air  1/4   hour 

.6515 

0 

+.0388 

3 

Stood    in   air  1/2  hour 

.6518 

+.0003 

+.0391 

4 

Stood   in   air  0/4  hour 

.6518 

0 

+.0391 

5 

Stood    in    air  1   hour 

.6519 

+.0001 

+  .03P;; 

6 

Heated    in   air-bath   at   110°   for 
1  hour 

.6512 

-.0007 

+.0385 

7 

Stood    in   air  1/4   hour 

.  6523 

+.0011 

+.059G 

8 

Stood   in   air  1/2  hour 

.6524 

+.0001 

+.0397 

o 

Heated    in    air-bath  at   110°  for 
2  hours 

.6505 

-.0019 

+.0378 

10 

Stood    in   air  1/4  hour 

.6516 

+.0011 

+.0389 

11 

Stood   in   air  2  1/4  hours 

.6519 

+.0003 

+.0392 

12 

Heated    in    air-lath    at    110°   for 
3  hours 

.6501 

-.0018 

+.0374 

15 

Stood    in   air  1/4  hour 

.6506 

+.0005 

+.0379 

14 

Stood    in   air  1/2  hour 

.650  6 

+   0 

+.0579 

15 

Stood    in   air  0/4   hour 

.6507 

+.0001 

+.0380 

16 

Stood    in    air  1    1/4   hour 

.  6508 

+.0001 

+.0381 

17 

Heated    in   air-bath  at    120°   for 
4  hours. 

.6477 

-.0031 

+.0350 

18 

Stood    in    air  1/4   hour 

.6463 

+.0006 

+.055  6 

19 

Stood   in   air  1/2  hou- 

.  '-.IGS 

+    0 

+.0356 

•M   5»\f 
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Detenr.inat ion    5    (cont.) 


Weight 
found 

in 

Change 
in  wt. 
in 

Er^.'or 
in 

grams 

grams 

griims 

20 

Stood   in   air  5/4  hour 

.6481 

-m02 

+  .03:4 

21 

Stood   in   air  1   1/4  hours 

.6484 

+.0003 

+.0357 

22 

Heatedin   air-bath  at   120°  for 
2  1/4  hours 

.6477 

-.0007 

+.0350 

23 

Stood   in    air  1/4   hour 

.6485 

+.0008 

+.0358 

24 

Stood    in    air  1/2  hour 

.648  6 

+.0001 

+.0559 

25 

Stood    in    air  5/4   hour 

.6486 

+        0 

+.0359 

26 

Heated    in   air-bath   at   120°  for 
2  hours 

.6466 

-.0020 

+.0339 

27 

Stood   in   air  l/4  hour 

.  6475 

+.0009 

+.0348 

26 

Stood    in   air  1/2  hour 

.6475 

+        0 

+.0348 

2'^' 

Stood    in    air  3/4  hour 

.6475 

+        0 

+.0348 

50 

Stood    in   air  1   1/4   hours 

.6476 

+.0001 

+.0549 

31 

Heated   in   air-Lath  at   120°  for 
3  1/2  hours 

.6468 

-.0008 

+.0341 

3r: 

Stood    in   air  1/4   hour 

.6471 

+.0003 

+.T344 

33 

Stood   in   air  1/2  hour 

.6472 

+.0001 

+.0345 

34 

Stood    in   air  3/4  hours 

.6472 

+        0 

+.0545 

35 

Stood    in   air  1   1/4  hours 

.6472 

+        0 

+.0345 

36 

Heated    in   air-bath   at    120°   lor 
4   hours 

.6456 

-.0014 

+.0  551 

37 

Stood    in   air  1/4   hour 

.6465 

+.0007 

+.0538 

58 

Stood    in    air  1/2  hour 

.6463 

-.0002 

+.0336 

Deto'-'mir.  ..tior    5    (cor.t.) 


found 

in 


Char,ce 
ir.  wt 

in 
grains 


59   Stood    in   air  3/4   hour 

40  Stood    in   air  1   1/4  hours 

41  Heated    in    air-bath   at    120  0   f^j, 

3  hours 

42  Stood    in   air  1   1/4  hours 

43  Heated    in    air-bath   at   120°   for 

1   1/2  hours 

44  Heated    in   air-bath  at   150°   for 

4  1/2  hours 

45  Stood    in    air  1   1/4  hours 

46  Heated    in   air-bath   at   150°   for 

7   hours 

47  Stood    in    air  1   1/4   hours 

48  Heated    in   air-bath  at   150°   for 

7   hou  rs 

49  Heated    in    air-bath  at   150°   for 

6  5/6   hours 

50  Stood   in   air  1   1/4   hours 

51  Heated    in   air-bath   at   150°   for 

7  1/6   hours 

5r:  Stood    in   air  1   1/4  hours 

53  Heated    in   air-hath   at   175° 

for  7   hours 

54  Stood   in   air  1   1/4  hours 

55  Heated    in   air-bath   at   175°   for 

7   hours 

56  Stood    in    air  1    1/4   hours 

57  Heated    in   air-bath   at    175° 

for  9   hours 


.6464 

.6465 

.  £469 
.6474 

.6456 


6390 


+.0001 
+.0001 

+-.noo4 
+  .mo5 

-.0018 


.6380 

-.0076 

.6382 

+.0002 

.6380 

-.0002 

.6381 

+.0001 

+.0009 


6374 

- 

.0016 

6381 

+ 

0007 

6369 

- 

.0012 

6371 

+ 

.0002 

6324 

- 

.0047 

6325 

+ 

.0001 

6312 

- 

.0013 

6517 

+ 

.0005 

6303 


-.001^ 


I       I     'Tt 


45 


Deteruination   5    (cont.) 

\Yeif:ht 

found 

in 

Chimge 

in  wt. 

in 

Eri.xjr 

in 

grams 

grams 

grams 

58. Stood    in    air  1    l/4   hou:-s 

.6308 

+.0005 

+.0181 

59   Heuted    in   air-bath  at   175°  for 
7   1/3   hours 

.6282 

-.0026 

+.0155 

60   Stood    in   air  1   1/4  hours 

.6288 

+.0006 

+.0161 

61  Heated    in   air-bath  at   175°   for 
9  hours 

.6285 

-.0003 

+.0158 

G2   Stood    in    air  1   1/4   hours 

.  6268 

+.0003 

+.0161 

63  Heated    in   air-bath  at   175°  for 
8   5/6  hours 

.6286 

-.0002 

f-.0159 

64  Stood    in    air  1   1/4  hours 

.  6282 

-  .0004 

r.0155 

65   Heated    in    air-bath   at   175°   for 
5   2/3  hours 

.6^,85 

+.0003 

+.0158 

66   Stood    in    air  1   1/4   hours 

.  6293 

+.0008 

-.0166 

67  Heated    in   air-bath   at   175°  for 
9  1/5  hours 

.6281 

-.0012 

+.0154 

68  Stood    in   air  1   1/4   hours 

.6290 

+.0009 

+.0163 

69   Heated    in   air-bath   at   175°   for 
9   hours 

.6286 

-.0004 

+.0159 

70   Stood    in   air  1   1/4   hours 

.6290 

+.0004 

+.0ir5 

71   Heated   to    redness  over  open 
burner 

.6069 

-.0:'21 

-.0058 

72     Stood    in    air  over  nir,ht 

.6131 

K00  62 

+.0104 

73  Heatec    io    redness  over  open 

burner 

74  Stood    in   air  1   1/4   hou  "s 

.6046 
.6078 

-.0065 
+.0032 

-.0081 
-.00  49 

75  Heated   to    redne.ss  over  open 

burner 

76  "        "             "             "      "      " 

.6070 
-6069 

-  .0008 
-.0001 

-.0057 
-.0068 

wr.actd  I 
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A  table   of  the   results  of  determinations   3,    4,    und   5  was 
prepared   in    such   a  way   as   to    emphasize   any   relations   letween 
the  temperature   to  which  the   nateriia  was  heated,    the   length 
of  heating,    the   losses    in  weif^ht  on  heating,    and   the   gains 
in  weight  on    cooling  -   the    rate  of  the   latter  being  worked 
out.      This   table    is  not   given   as  no  new   general    relations 
were   found   by    its   aid. 

To   prevent   the   action  of  the   air  on   the  material    in 
determinations   6   and   7,    it  was  prepared^  heated    in  glass   stop- 
pered weighing  bottles,    these   being   closed  during  weighing. 

Attempts   to    evaporate  the  material    in  weighing-bottles 
upon    a  water-bath  resulted    in  losses  by   spattering   and   thump- 
ing.     To   prevent    this,    a  means  was  devised  v/hereby  boiling 
would   take  place   along  the  walls  of  the  weighing-bottle   and 
above   the  gelatinous  precipitate  of  barium  borate   and  carbo- 
nate:-    A  cup  of  copper  gauze  was  Kiacle    into  which  the  weighing 
bottle   to   be  used   fit    snugly.      Inside   the  cup   and  between    its 
bottom  and   that  of  the  weighing-bottle,    a  layer  of  asbestos 
about   eight   millimetres  thick  was  placed.      The  outer  cylindrical 
walls  of  the  cup  were  v/rapped  with   asbestos   paper,    the    bottoi:- 
of  the   cup   being   left   uncovered.        By  placing   such  lx\    arrangemenl 
upon   a  heated   iron  plate,    heat    is   conducted  by   the  copper  gauze 
from  the   plate   to   the   sides  of  the  weighing  bottle    inside,   but 
not   to    its  bottom  for  that    is  prevented   by  the   thick  layer  of 


asbestos   referred  to-      This  proved   successful    in   a«>«-wiing 
bumping  ctnd    spattering- 


j*Ji«B«v  (isriij«n«: 
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Determination    6        (inweighing  bottle) 

Volume  of  aqueous  B   a    (0   H)^    run    into    bottle 


Weight  of  E   a  0    in  bottle 


.  G854 


Volume  of  alcoholic    (99.8/  )    boric   acid   solution 
run    into    bottle 

Weight   of  B^O^  in   bottle  .1015^ 

.1015^  B^O^.    is   equivalent   to    .2227^   B   a  0 

Ratio   B^O_^present,    to   B  a  0    is   approximately  1    :    3 

Concentration  of  mixture  v/ith   respect    to   alcohol   3^, 

Theoretical  weight    as   B»B,0^+  E   a  C   Oj    =    .9196^ 


31 


14.44 


Carbon   dioxide  v^as  passed  over  the   material  until    it   had 
been    evaporated  to   dryness,    this   requiring   about    five   hours- 


Table  of  Experiments    in  Determination   6. 


Theoretical  vfeight 

K — 

.9196^ 

Weight 
foind 

in 

Change 

in  wt. 
in 

Error 
in 

grams. 

grams 

grajns 

1  HeatedT    in   air-bath   at   120© 
for  2  1/2  hours. 

.9401 

+.0205 

2  Heated    in   air-bath  at   120° 
for  1   3/4  hours 

.93:8 

-.0003 

+.020  2 

3  Heated    in   air-bath   at    120° 
for  1  hour 

.9401 

+.0003 

+  .0205 

4.  Heated    ir.    air-bath   at    120° 
for  1   hour 

.9396 

-.0005 

+.0200 

nhtMokb  aoti'-'A 


Detei-mination    6    (cont.) 
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Weight  Chiinf^e 

found  in  wt-  Error 

in                  in  in 

grams  ^ranis  grams 


5 

Heated    in 
for 

air-bath   at 
6   hours 

110  0 

6 

Heated    in 
for 

air-bath   at 
6   1/3   hours 

110° 

7 

Heated    in 
for 

uir-Lath  at 
7   hours 

150° 

8 

Heated    in 
for 

aii'-bath   at 
6   hours 

150" 

9 

Heated    in 
for 

air-bath  at 
7   hours 

150° 

10 

Heated    in 
for 

air-bath    at 
8   5/6  hours 

150° 

11 

Heated    in 
for 

air-bath  at 
9    1/2  hours 

150^ 

12 

Heated    iii 
for 

air-bath   at 
7   1/2  hours 

150° 

15 

Heated    in 
for 

air-bath  at 
5   1/2  hours 

150° 

14 

Heated    in 
for 

air-bath  at 
8   5/6   hours 

150° 

15 

Heated   in 
for 

air-bath   at 
5    2/3  hours 

150° 

IG 

Heated    ir, 
for 

air-bath   at 
9   1/3  hours 

150° 

17 

Heated    in 
for 

air-bath  at 
9   1/2 

150° 

18 

Heated   in 
for 

air-bath   at 
9  hours 

175° 

19 

Heated    in 
for 

air-bath  at 
23  hours 

175° 

.9417 

+.0021 

+.0221 

.9439 

+.0022 

.0243 

.9403 

-.0036 

+.0207 

.9327 

-.0076 

+.0151 

9288 

-.0039 

+.0092 

.9308 

+.0020 

-.0112 

-9307 

-.0001 

+.0111 

.9292 

-.0015 

+.0096 

9261 

-.0051 

+.0065 

9263 

+.0002 

+.0067 

9307 

+.0044 

+.0111 

9292 

-.0015 

+.0096 

930  6 

+.0014 

+.0110 

9256 

-.0050 

+.0060 

9;ai 

-.0045 

+.1015 

Detei'minatioi,    6    (cont.) 


49 


Weir.ht 

Ch;mge 

found 

in  wt. 

Erix)r 

in 

in 

in 

grams 

grams 

grams 

20   Heiited    in   air-bath   at   175' 
for  3   1/2  hours 


.9230 


.0019 


+.0034 


21  Heated   in   air-bath  at   175 « 
for  9  1/2  hours 


.9231 


,0001 


0035 


Determination   7 


Volume  of  aqueous  B   a    (0   H)^run    into    bottle 

g 
Weight  of  B   a  0    in  battle  .6868 

Volume  of  alcoholic    (99. Sf')    boric   acid   solution 
run    into   bottle 

p;Weight  of  B^O,  in  bottle        ^        .1010^ 
.1010 'B^Oj^is   equivalent   to    .2218  B  a  0 
Ratio        BJD^  present,    to   B  a  0    is   approximately  1    :    3 

Concentration  of  mixture  with   respect    to   alcoliol   32ff 


Theoretical  weight   for  B   a  B  ^0^  +  B  a  C  0^  =    .8213 


31 .  25 


14.38 


The   evaporation   and  passage  of  carbon   dioxide  was   conducted 
as    in  determination    6. 


.5    rf( 
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Table   of  Experiments    in  Determination   7 
Theoroticul  weight  .9213 


1  Heated    in   air-bath  at   120° 

for  2  1/2  hours 

2  Heated    in   air-bath   at   120° 

for  1   3/4   hours 

3  Heated    in   air-bath  at   120° 

for  1  hours 

4  Heated    in   air-bath  at   120° 

for  1   hour 

5  Heated    in    air-bath   at   110° 

for  6  hours 

6  Heated   in   air  bath   at   110° 

for  6  1/3  hours 

7  Heated    in  air-bath  at   150° 

for   7  hours 

8  Heated    in    air-bath   at   150° 

for  6   hours 

9  Heated    in    air-bath   at   150° 

for  7  hours 

10  Heated    in    air-bath   at   150° 

for  8    5/6  hours 

11  Heated   in   air-bath  at   150° 

for   9   1/2  hours 

12  Heated    in    air-bath  at   150° 

for  7   1/2  hours 

13  Heated   in   air-bath   at   150° 

for  9   1/2  hours 

14  Heated    in   air-bath   at   150° 

for  8   5/6  hours 


Weight 
found 

in 
grams 

Change 

in  wt. 

in 

grams 

Error 

in 
grams 

.9385 

K0172 

.9323 

-.0062 

+.0110 

.9332 

+.0009 

+.0119 

.9331 

-.0001 

+.nOL8 

.9375 

+.0044 

+.0162 

.9350 

-.0025 

+.0157 

.9344 

-.0006 

+.0151 

.9232 

-.0112 

+.0019 

.9  233 

+.0001 

+.0020 

.9260 

+.0027 

+.0047 

.92G4 

+.0004 

+.0051 

.9255 

-.0009 

+.0042 

.9259 

+.0004 

+.0046 

.9223 

-.0036 

+.0010 

Detennination    7    (cont.) 
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Weif;ht  ChiJige 

found  in  wt  •  Erro  r 

in                   in  in 

grams  f^rams  Rrums 


15  Heated    in 
for 


16  Heated    in 
for 


17  Heated    in 
for 


18  Heated    in 
for 


air-bath   at   150° 
r.   2/3  hours 

air-bath  at   150" 
9  1/3  hours 

air-bath  at   150« 
9'.hours 

air-bath  at   175° 
9   hours 


9258 


9253 


9L51 


9205 


+.003; 


0005 


.0002 


0046 


+.0045 


+.0040 


-.0038 


0008 


19  Heated   in 
for 


20  Heated   in 
for 


21   Heated    in 
for 


air-bath   at   175° 
23  hours 

air-bath   at   175° 
3  1/2  hours 

air-Lath   at   175° 
9   1/2  hours 


,9183  -.0022  -.0030 

9216  +.0033  +.0003 

9196  -.0020  -.0017 


Determinations  6  aiid  7  show  that  thero  is  no  connection 
betv/een  the  locses  in  weight  on  heating  and  the  intermediate 
contact  with  the   air  uuring  weighing. 

Determinations   3  to   7   show   that   at   lower  temperatures 
there    is   small  hope  of  obtaining  constant  weight,-   at 
least    between   100°  C   and  175°  C 

In   those   e xp 0 r imen t s  where   the   heating  had   been   suffi- 
ciently   intense   to   carry   the  wei/^ht   of  the   mixed   salts   below 


the   theoretical    for  a  mixture  of  B   a  B^O^  and   T   a  C  0^  it  was 
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noticed   that    the    t-^ndency   to   f^ain   viQir,ht,    already   referred   to, 
seemed   to   be   at    a  raaxiraura.      I^bre   data  on   this   point  wtte   do- 
sired,    and  haA   been    collected    in  many  of   the   determinations 
that    follov^. 


Determination   8. 

Volume   of  aqueous  B   a    (0   H)^  put    into    dish  20.39 

Weight  of  B   a  0    in   dish  .seil'^ 


cc 


Volume  of  alcoholic    (95. 5,"")   boric   acid   solution 

run    into   dish  16.90' 

Weight  of  B^O^  in  dish  .1259^ 

.1259^  ^iPjis   equivalent   to    .2764^      B   a  0 

Ratio   B  0  present,    to   B  a  0    is   approximately   1    :    2 

Concentration  of  mixture  with  respect   to   alcohol   43^,' 

Theoretical   -AreiKht  for  a  mixture  of  B   a     BO    and 
B   a  C   0^    .7687  ^   '^ 

The  contents  of  the  dish  were  evaporated   to    a  small 
volume   and,  while   still   heated  on   a  water-bath,    carhon  di- 
oxide was  passed  over  the    surface  of  the   liquid   for  fifteen 
minutes  under  constant    stirring  viith  a  platinum  rod.      The 
evaporation   to   dryness  was   completed  on   an   iron  plate.      Tn 
experiments  10    and  11    (see   table)    the   dried  material  was 
moistened,    a  drop  of  phenol -phthalein   added   and  carbon   dioxide 
passed  over   it   to  neutral    ^'eaction;    this  was  while   the   material 
Was   kept   hot   on   a  water-bath. 
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Table   of  Experiments    in  Determination 


Theoretical  weight 


.7687' 


Heated   to    redness  over  open   burne 

n  n  n  n  n  n 

Stood  in  air  3   hours 

Stood  in  air  15   hours 

Stood  in  air  48  hours, 

Stood  in  air  50  1/2  hours 

Heated   to    redness  over  open 

burner 

Heated   to    redness  over  open 
burner 

Heated   to    redness  over  open 
burner 

Moistened, saturated  with  C  0,^ 
heated  over  burner 

Itoistened, saturated  with  C   0^ 
heated  over  burner 


Weight 

found 

in 

grams 

Change 
in  wt. 

in 
grains 

Error 
in 

grams 

r.7513 

-.0174 

.7500 

-.0013 

-.0187 

.7559 

h  0059 

-.0128 

.7663 

+.0104 

-.0024 

.7744 

+.0081 

+.0057 

.7741 

-.0003 

+.0054 

.7536 


.0205 


0151 


.7560 

+.0024 

-.0127 

.7542 

-.0018 

-.0145 

.7667 

+.0125 

-.002T 

.7704 

+.0037 

+.0017 

The   tendency    to   gain  weij^ht  on   the   part  of  the   mixed 
salts  during  weighing  has   been    remarked  -   and   it   has   been 
stated  that    this    is  very  ironounced   in   all   cases  where   the 
preceding  heating  has   beon   sufficient   to    carrj^   the  weight  of 


54 


and  B    a  C   0^  .      Determinat ior:   8   confirmed   this;    ulno    it    shov/ed 
that   by   the    action  of  water  and   carbon   c'ijxide,    material    that 
has   been   quite   far  below  the   theoretical  v/eir'nt  takes  on 
weight  enough  to   run  above   it. 


Determination    ?■ . 

Volume  of   aqueous  B   a    (0   H)^    run    into   dish  10.84 

Weight  of  B  a  0    in   dish  .2985^ 

Volume  of  alcoholic    (95. 5f)   boric   acid   solution    run 

into   dish  8.97 

g 
Weight   of  B^Oj  in   dish  .0668 

g  g 

.0666  B^Oj    is   equivalent   to  .1478     B  a  0 

Ratio   B^03present,    to  B  a  0    is   approximately  1    :    2 

Concentration   of  mixture  with   respect   to    alcohol   43f^ 


cc 


Theor'etical  weight    for  a  mixture  of  B   a  1)^0^      B   a  C   0^ .  4080 
Evaporated  to    small  volume  o  :  water-bath,   passed  carbon   di- 
oxide over  the   surface   for  fifteen  minutes  while   still   beiaig 
heated  and  constantly   stii^red-      Then   cor:qpleted  evaporation 
to    dri^-ness.      In   experiments  8,    13,    14   and  42  phenol-phthalei>i 
was  used   as    indiactor   in   the  passage  of  carbon  dioxide- 


Table   of  Experiments    in 
Theoretical  weight 


Determination   9 
.4088 
Weight  Change 


1  Heated   to    redness  over  burner 

2  "  "  "  .... 

3  Stood  in  air  3  hours 

4  Stood  in  air  over  night, 17  hrs- 
5  Stood  in  air  6n  hours 

6  Stood  in  air  67  l/2  hours 

7  Stood  in  air  71  1/2  hours 

8  Moistened,  saturated  with  C  0^, 

heated  to  redness 

9  Heated  to  redness  over  open 

burner 

10  Heated   to    redne-s  over  open 

burner 

11  Heated   to    redness  over  open 

bui'Tier 

12  Heated   to    redness  over  open 

burner 

13  Iifoistened, saturated  with  C   0^, 

heated  to    redness 

14  Moistened,satii>'ated  with  C   0^, 

Seated  to    redness 

15  Heated   to    redness  over  open 

burner 

16  Heated   longer   and   to   higher  temp- 

erature 

17  Heated   longer   and   to   hi/;her 

temperature 


found 

in 
grams 

in  wt. 

in 
grams 

Error 

in 
grams 

.4029 

-.0059 

.4008 

-.0021 

-   008T 

.4037 

+.0029 

-.0051 

.4082 

+.0045 

-.0006 

.  41  1. 1 

r.0020 

+.0023 

.4120 

+.0009 

+.0032 

.4109 

-.0011 

+.0021 

.4195 

+.0086 

+.0107 

.4156 

-.0039 

+.0068 

.4119 

-."1037 

+.0031 

.4104 

-.0015 

+.0016 

.4094 

-.0010 

+.0006 

.4178 

+.0084 

+.0090 

.4128 

-.0050 

+.0040 

.4101 

-.0027 

+.0013 

.4037 

-.0064 

-.0051 

.4020 

-.0017 

-.0068 

Of    h 


Determination    9    (cont.) 
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18  Heated  longer  and  to  higher 

temperature 

19  Stood  in  air  10  minutes 

20  Stood  in  air  20  minutes 

21  Stood  in  air  30  minutes 

22  Stood  in  air  40  minutes 

23  Stood  in  air  50  minutes 

24  Stood  in  air  60  minutes 

25  Stood  in  air  70  minutes 

26  Stood  in  air  90  minutes 

27  Stood  in  air  110  minutes 
23  Stood  in  air  175  minutes 

29  Stood  in  air  24  hours 

30  Stood  of  C  a  C  1,  for  2  hours 

31  Stood  "      "     "7 

32  '■    "       "      "9    " 

33  T.    II       It      .1  24    " 

34  Heated  to  redness  over  open 

burner 

35  Heated   to    redness  over  open 

bu  v::  e  r 

3G  Heated  to  redness  over  open 
bu  n";  0  r 

37  Heated  to  redness  over  open 
burner 


Weight 
found 

in 
grams 

Change 

in 
•//eight 
in   gr. 

Error 

in 
grams 

.4016 

-.0004 

-.0072 

.4026 

+.0010 

-.0062 

.4036 

+.0010 

-.0052 

.4046 

+.0010 

-.0042 

.4053 

+.0007 

-.0035 

.4059 

+.0006 

-.1029 

.4062 

+.0003 

-.0026 

.4066 

+.0004 

-.0022 

.4075 

+.0009 

-.0013 

.4080 

+.0005 

-.1008 

.4090 

+.0010 

+.0002 

.4104 

+.0014 

+.0016 

.4098 

-.0006 

+.0010 

.4097 

-.0001 

+.0009 

.4095 

-.0002 

+.0007 

.4094 

-.0001 

+.0006 

4049 


4035 


3973 


3971 


-.0045 


-.0009 


-.0014  -.0053 
-.1062  -.0115 
+  0002     -.0113 


Determijiation   9    (cont.) 


30  Heated   to    redness  over  open 
burner 

3?  Heated   to    redness  over  open 
burner 

40  Heated   to    redness  over  open 

burner 

41  Heated   to    redness  over  oper 

burner 

42  J.fo  ist en ed,  saturated  with  C  0^ 

evaporated   and  heated  over  open 
burner 

43  Heated   to    redness  over  open 

burner 

44  Heated  to   redness  over  open 

burner 

45  Heated  to  redness  over  open 

burner 

46  Heated   to    redness  over  open 

burner 

47  Heated  to    redness  over  open 

burner 


Weight 
found 
in 
grans 

Chiinge 
in  wt. 

in 
grams 

Er\X)r 

in 
grams 

.3971 

-.0004 

-.0117 

.3972 

+.0001 

-.0116 

.3973 

+.0001 

-.0116 

.o962 

-.0011 

- .0126 

.  41 1. 1 

+.0149 

+.0023 

.4086 

-.0025 

-.0002 

.4060 

-.0026 

-.0028 

.4054 

-.0006 

-.0034 

.4023 


.4016 


.0031 


-.0007 


.0065 


0072 
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Heated   to    redness  over  open 
burner 


49  Heated   to    redness  over  open   bume 

50  Stood    in   air  15   hpurs 

51  Stood   in   air  171/2  hours 

52  Stood    in   air  19   1/2  hours 

53  Stood    in   air  22  hours 

54  Stood    in    air  39  hours 

55  Stood  over  CaCl^for  3  hours 

56  Stood  over  CaCl^for  6   1/2  hours 


.4002 

-.0014 

-.0086 

r.3995 

-.0007 

-.0093 

.40  90 

+.0095 

+.0002 

.4091 

+.0001 

^.0003 

.4093 

+.0002 

+.0005 

.4096 

+.0003 

+.0008 

.4104 

+.0000 

f.0016 

.4094 

-.0010 

+.0006 

.4095 

+.0001 

+.0007 

'  svo  see 


1 1%  •« «» »i 


mv  lovt 
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Dete;'minat  io!i   10 

r 
Volume  of  aqueous  B   a    (n   H)^    rvm    into   dish  10.91 

V/eight  of  B   a  ^    in   dish  .3038 

Volume  of   alcoholic    (95. S,"^)    boric    acid   solution  8.95 

Weight   of  B^O^  in   dish  .0669^ 

.0669^  B^O^is   equivalent   to    .1468^  B   a  0 
Ratio   B^O^  present,    to  B   a  0   1    :    2 

Concentration   of  mixture  with   respect    to    alcohol   43f 
Theoretical  weirht    for  a  mixture  of  B   a  E^0^+  B   a  C   0^  .4157^ 

Treatment   same   as    in  Determination   9. 


Table   of  Experiments    in   Deter::iination   10. 


Theoretical  weight 


1  Heated    to    redness  over  buiTier 

2  Stood    in    air  2  hours 

3  Stood    in    air  17   hours 

4  Stood    in    air  C5   hours 

5  Stood    in   air  67   1/2  hours 

6  Stood    in    air  71   1/2  hours 

7  J.foistened,  saturated  with  CO^ 
evap. , heated  to    redness  over 

burner 


.4157' 


Weight 
found 

in 
grams 

Change 

in 
weight 

in 
grains 

Error 

in 
grains 

.4042 

-.0115 

.4040 

-.0002 

-.0117 

.4099 

+.0059 

-.0058 

.4177 

+.0078 

+.0020 

.4179 

+.0002 

+.0022 

.4177 

-.0002 

+.002T 

4335 


0158 


+.0178 
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Detenuination   10    (cont.) 


8  Heated   to    red}::^ss  over  burner 

9  Heated   to    redness  over  open 

burner 

10  Heated  to  redness  over  open 

burner 

11  Heated   to    redness  over  open 

burner 

12  Moistened, saturated  with  C  0^ 
evaporated  and  heated  to 

redness 


13 


14  Heated  to  redness  over  open 

burner 

15  Heated  longer  and  to  higher 

tenperature 

16  Heated  to  redness  over  open 

burner 

17  Heated  to    redness  over  open 

burner 

18  Stood  in  air  10  minutes 


19 

n 

"        20 

20 

" 

" 

••      30 

21 

It 

" 

"      40 

22 

n 

n 

"      50 

23 

" 

" 

"      60 

24 

n 

" 

"      70 

25 

" 

" 

"      90 

26 

.. 

n 

"    liO 

V/eiRht 
found 

in 
ferams 

ChiinRe 
in  wt. 

in 
nrams 

Error 

in 
grains 

.4291 

-.0044 

+.0154 

.4251 

-.0040 

+.0094 

.4255 

+.0004 

+.00^8 

.4242 

-.0013 

+.0065 

.4256 

+.0014 

+.0099 

.4273 

+.0017 

+.0116 

.4221 

.4077 

.4065 

.4064 
.4076 
.4085 
.4090 
.4096 
.4101 
.4105 
.4110 
.4117 
.4122 


.0052  +.0064 
.0144  -.0080 
.0012     -.0092 


-.0001 
+.0012 
+.0009 
+.0005 
+.0006 
+.0005 
+.0004 
+.0005 
+.0007 
+.0005 


-.0093 
-.0081 
-.0072 
-.0067 
-.0061 
-.0055 
-.0051 
-.0046 
-.0039 
-.0034 


(Determination    LO    (cont. 


27  Stood    in    air  175   minutes 

28  Stood    in    air   24   hours 

29  Stood  over  H  J5  O.^for  2  hrs  • 

30  Stood  over  H  J=l   O^for  7  hrs. 

31  "  "  "  9 

32  "  "  "  24      " 

33  Heated  to  redness  over  open 

burner 

34  Heated   to    redness  over  open 

burner 

35  Heated  to    redness  over  open 

burner 

36  Heated   to    redness  over  open 

burner 

37  Heated  to  redness  over  open 

burner 

38  Heated   to    redness  over  open 

burner 

39  Heated  to  redness  over  open 

burner 

40  Heated   to    redness  over  open 

buxTier 

41  Mo  istened,  saturated  with  C  0. 
evaporated  and  heated  to  red- 
ness over  open  burner 

42  Heated   to    redness  over  open 

burner 

43  Heated   to    redness  over  open 

burner 


We  ight 
found 

in 
grams 

Change 
in  wt. 

in 
grains 

Error 

in 
grains 

.4137 

+.0015 

-.OOin 

.4193 

+.0056 

+.0030 

.4172 

-.0021 

+.0015 

.4177 

+.0005 

+.0020 

.4158 

-.0019 

+.0001 

.4159 

+.0001 

+.0002 

.4092 

-.0067 

-.0065 

.4073 

-.0019 

-.0084 

.4053 

-.0020 

-.0104 

.4049 

-.0004 

-.0108 

.4043 

-.0006 

-.0114 

.4042 

-.0001 

-.0115 

.4038 

-.0004 

-.0119 

.4033 

-.0005 

-.0124 

.4244  +.0211  +.0087 

.42ir^  -.0029  +.0058 


4185 


-.0030  +.0028 


:ii  booiE 


Deto^'minat  ion   10    (cont.) 
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We  ir,ht 

Chimr.e 

found 

In 

in 

weight 

Krx)r 

Rraaas 

in 

ir. 

f^rams 

r.  rams 

44  Heated   to    redness  over  open 

burner 

45  Heated    to    redness  over  open 

burner 

46  Heated   to    redness  over  open 

burner 

47  Heated   to    redness  over  open 

burner 

48  Heated   to    redness  over  open 

burner 

49  Stood  ir.  atmosphere  of  C  0^ 
saturated  with  H  ^0  ,15  hrs. 

5^  Heated  to  redness  over  open 
burner 

51  Stood  in  air  2  3/4  hours 

."2  Stood  in  air  20  hours 

53  Stood  over  C  a  Cl^  2  hours 

54  Stood  over  C  a  C  1^,  5  1/2  hrs. 

55  Stood  over  Hji  0^6  1/2  hrs- 


.4144 

-.0041 

-.0015 

.4092 

-.0052 

-.0065 

.4083 

-.0009 

-.0074 

.40  70 

-.0013 

-.0087 

.4034 

-.0036 

-.0123 

.4688 

+.0654 

.0531 

.4102 

-.0586 

-.0055 

.4124 

+.0022 

-.0033 

.4189 

.4173 
.4170 

+.0065 
-.0016 
-.0003 

+.0032 
+.0016 
+.0013 

.4164 


,0006 


0007 


Determination  11 


Volume  of  aqueous  E  a  (0  H)^run  into  dish 


Weight  of  B  a  0  in  dish 


.3448 


12.29 


Volume  of  alcoholic    (95. 5f)    boric   acid    solution 
run    into   dish 


15.59 


0999*^ 
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.0999    B^Ojis    equivulont    to    .2192^B   a  0 
Rutio   of  E^O^present,    to   B   a  0    is   approxinately   2    :    o 
Concentration  of  mixture  with  res   ect    to    alcohol   46f' 
Theoretical  weight   for  a  mixture  of  B  a  B^0^+  B   a  C  0,     .4807 

A  drop  of  phenol-phthalein  was   added   and  during  evaporation 
upon   a  water-bath  carbon   dioxide   was  passed   to  neutral    re- 
action. 


Table  of  Experiments    in  Determination   11. 


Theoretical  v/eight 


4807' 


1  Heated    to  incipient   redness 

2  "  n  »  « 

3  n  r.  n  n 
Ann  n  n 
5             rt               n                      n                             n 


7  :.!oistened ,  saturated  with   C   0 
evaporated  and   heated   to 
incipient    redness 

8  Heated   to    redness  over  bu  Tier 


Weight 

found 

in 

Change 

ir.  wt. 

in 

Error 
in 

grams 

grams 

grams 

.4854 

+.0047 

.4803 

-.0051 

-.0004 

.4751 

-.0052 

-.0056 

.4749 

-.0002 

-.0058 

.4744 

-.0005 

-.0063 

.4727 

-.0017 

- . 0080 

.4961 

+.0234 

+.0154 

.4r.l8 

-.0043 

+.0111 
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Determination   11    (cont.) 


9  Heated   to    I'ednest?  over  burner 
10   Heated   to    redness   over  burner 

Tl""  "  " 

12  "            "  "  " 

13  "             "  "  " 
]^4            fi               n  n  n 

15  Stood    in    air  for  4   hours 

16  Stood    in   air  for  21   1/2  hours 

17  n  n  n  n        24  " 

18  Stood  over  C   a  C   l^for  4   5/6   hrs  -    .4524 

19  "  "  "  "12  hrs. 


20 


"   H   S   0, 


12  hrs 


Weir.ht 

Chimr^e 

found 

in  wt. 

Error 

in 

in 

in 

granr, 

graius 

grams 

.4904 

-.0014 

+.O0P7 

.4870 

-.0034 

+.0063 

.4829 

-.0041 

+.0022 

.4807 

-.0022 

+         0 

.4790 

-.0017 

-.^017 

.4763 

-.0027 

-.004/ 

.4793 

+.0030 

-.0014 

.4827 

+.0034 

+.0020 

.4829 

+.0002 

".0022 

.4524 

-.0005 

+.0017 

.4819 

-.0005 

+.0012 

.4816 

-.0003 

+.0009 

Determination   12. 

Volume  of  aqueous  B  a    (0   H)^run    into   dish 

Weight   of  B   a  0    in   dish  .3417^ 

Volume  of  alcoholic    (95.5,''')    boric    acid    solution 
Weirht  of  B^O^in  dish  .1000^ 

.1000      B  O.is   equivalent   to    .2195^      B   a  0 


12.19 


15.38 


Ratio   B^O^present,    to   B   a  0    is   appiT)xinately   2    :    3 
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Concentration  of  mixture  with   respect   to    alcohol    .SlfT 
Theoreticul  v/ei^ht    for  a  inixture  of  B   a  B^O^^ancI  B   a  C   0^.4768 

Carbon   dioxide  was   conducted   tha-ough  the   liquid   by   mecirs 
of  a  platinum  tube  that  was  weighed  with  the  dish;    the  ope- 
ration,  which  was   carried  on   at    roon  temperature  was   regu- 
lated  by  phenol-phthalein    indicator;    after  this,    the   ma- 
terial was   evaporated  to   dr:Tiess  on   a  water  bath. 


Table   of  Experiments    in   Determination   12. 


Theoretical  weight 


4768' 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Heated   to    incipient   redness 
Heated   to    incipient   redness 


n  n 


n  n 


Weight 
found 

in 

grams 

Change 
in  wt. 

in 
grains 

Error 

in 
grams 

.5002 

+.0234 

.4900 

-.0102 

+.0132 

.4867 

-.0033 

+.0099 

.4858 

-.0009 

+.0090 

.4811 

-.0047 

+.0043 

.4607 

-.0004 

+.0039 

.4794 

-.0013 

+.0026 

.4' 78 

-.0016 

+.0010 

.4770 

-.0008 

+.0002 

.4763 

-.0007 

-.1005 

.47  (4 

+.0001 

-.0004 

.4765 

+.0001 

-.0003 
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Determination  12  (cont.) 


13  Stood  in  air  16  hours 

14  "     "   "   18    " 

15  "     "   "   22    " 

16  Stood  over  C  a  C  1^  16  hou: 

17  "     "    H  S  0^24  hours 


Weight 
found 

in 

Chi.4n/:e 

in  wt. 

in 

"Krror 
in 

nrams 

f^ranis 

nra;:;s 

.4777 

+.noi2 

+.0009 

.4774 

-.0003 

+.0006 

.4780 

+.0006 

+.0012 

.4782 

+.0002 

+.0014 

.4^78 

-.0004 

+.0010 

Determination  13 

Volume  of  aqueous  B  a    (0   'O^put    into   dish 

Weight   of  B   a  0    in  dish  .3882^ 

Volume  of   alcoholic    (95.5,'^  )    boric    acid     solution 
put    into   dish 


Weight   of  B^Oj^in   dish 


.0888 


14.59 


11.97 


g  p 

.0888     B^Oj  is   equivalent   to    .1950     B  a  0 

Ratio   B^O^  present,    to  B  a  0    is   approximately   1    :    2 

Concentration  of  mixture  with   respect   to   alcohol   43f 

Theoretict^l  weight   for  a   j:.ixture  of  B   a  B  0„  +  E   a  C  0,  =    .5324 


A  drop  of  phenol-phthalein  indicator  was  added,  carbon 
dioxide  pasned  over  i::aterial  in  cold  with  frequent  stirring 
to  neutral    reaction;    evaporated   to   di'yness   and  heated- 


Table  of  Experiments    in   Deterjiiinut  ion   13 
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Theoretical  weif;ht 


.5324 

Weight  Change 

found  in  wt .          Error 

in  in                   in 

grams  grtuiis            grams 


1  Keated   to    redness 

2  Heated   again   and   stood    in   air 

2  hours 

3  Stood    in    air  24  hours 

4  ^foistened, saturated  with  C  0^. 
evaporated, heated   to   redness 

5  Heated   to    redness 

6  n  n  ri 
y            tt               n                      If 

8  Stood    in    air  29   hours 

9  Stood  over  H^^S   0^1   hour 

10  Heated   to    redness   four  minutes 
and   stood    in   air  21   hours 

11  Stood  over  H^S   O^for  24  hrs  • 

12  Stood    in    air  for  24   hours 


.5288 


-.0036 


5300 

+.0012 

-.0024 

5317 

+.0017 

-.0007 

5375 

+.0058 

+.0051 

5350 

-.0025 

+.0026 

5332 

-.0018 

+.0008 

5318 

-.0014 

-.0006 

5407 

+.0089 

+.0083 

53  P8 

-.0009 

+.0074 

5368 

-.0030 

+.0044 

5327 

-.0041 

+.0003 

5412 

+.0085 

+.0082 

Determination   14. 

Volume  of  aqueous  B   a    (0   H)^put    into    dish 


Weight   of  B   a  0    in   dish 


,3879 


Volume  of   alcoholic    (95.5/  )    boric    acid    solution 
put    into   dish 


14.54 


5.96 
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Weif-ht   of  B^Oj,    in   dish 


.0441 


.0441      B,,0^  is   equivalent   to    .0968'^'   B   a  0 
Ratio   B^Oj present,    to   B  a  0    is   approximately  1    :    4 
Concentration   of  mixture  with   respect   to    aloohol    27/' 
Theoretical  weight   for  a  mixture   of  B   a  B^0^+  B   a  C   0^.5154' 

A  dror  of  phenol-phthalein  was   added   and   carbon   dioxide 
passed  over  the   mixture   in   the   cold,    to  neutral   reaction; 
evaporation   to   dr^Tiess  on  water-bath   followed,    and  then   the 
heating,    etc. 


Table  of  Experiments    in  Determination  14. 


Theoretical  weight 


g 


.5154 


1  Heated  to  redness 

2  Stood  in  air  8  hours 

3  .Stood  in  air  72  hours 

4  Stood  over  H  ^S  0^8  1/2  hours 

5  n     n       "     26     " 

6  Heated  to  redness 

7  Stood  in  air  19  hours 

J  Stood  over  H^S  0^23  hours 

9  Heated  4  minUtes  to  redness 

10  Stood  in  air  25  1/2  hours 


Weight 

found 

in 

Change 

in  wt. 

in 

Error 

in 

grams 

groKis 

grams 

.5130 

-.0024 

.5280 

+.0150 

+.0126 

.5300 

+.0020 

+.0146 

.5287 

-.0013 

+.0135 

.5283 

-.0004 

+.0129 

.5168 

-.0115 

+.0114 

.5255 

+.0087 

+.0101 

.5250 
.5046 
.5310 

-.0005 
-.0202 
+.0262 

^.0096 
-.0106 
+.0156 
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Deternii'at  ion   15 

Volunie   of  aqueous  B   a    (0   H)^run    into    dish 


.26 


Weight  of  B   a  0    in  dish 


.1938' 


Volume   of  alcoholic    (95. 5f')    boric   acid    solution  c 

run    into   dish  5.03 

Weight   of  B^Ojin   dish  .0224 

.0224^   Bj^^is   equivalent   to    .0491   B   a  0 

Ratio   B^O^ present,    to  B  a  0    is   approximately   1    :    4 

Concentration  of  mixture  with   respect   to    alcohol   28^ 

A  drop  of  phenol^.hthalein  (indicatop'' was   added   and 
carbon   dioxide  passed  over  the   mixture   at   the    room  teiqpera- 
ture,    to  neutral    reaction;    evaporation    to   dryness  upon    the 
water-bath   followed   and   then  heatings,    etc. 


Table  of  Experiments   in  Detei'raination      15 


Theoretical  weight 


.257t.- 


1  Heated   to    redness 


3  .Stood    in   air   ~   1/2  hours 

4  "  "      "        26  " 

5  "   over  H^S   0,;  22   hours 

6  Heated   4  rain,    to    redness   and 
stood    in   air  24  hours 

7  Stood  over  H  S   0.,  25   hours 


Weight 

found 

in 

grmiis 

Change 
in  wt. 

in 
grams 

Error 
in 

grams 

.2557 

-.0019 

.2555 

-.0004 

-.0023 

.2652 

+.0099 

+.0076 

.2665 
.2645 

+.0013 

-.0020 

+-.0089 

+  .oor.9 

.2646 
.2566 

-.0003 

-.0060 

+.0072 
+.0012 
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The   heatings    ir    all   the   experiments    so    far  described   at 
temperatures   above   175°  have   been   accomplished   by  bunser 
burners.      It    is  very  difficult   to    say  what   the    teraperatures 
to  Y/hich  the  material  was   exposed   in   such  experiments,   were. 
With   the  object  of  obtaining  hi/?,h  ten?)eratures  which  would 
remain   fairly   constant   and   could   be   measured,    a  special    air- 
bath   to   be  heated  by  three   large   bunners  was  devised   and   set 
up.        Glass   t he iTQO meters,    containing  carbon  dioxide  under 
twenty   atmospheres  pressure   above   the   mercury    coluim,   v/ere 
used;    520°  C  was   their  maximum  registering  limit.      The   de- 
terminations that    follow    involve   the  use   of  this  hot-air 
bath.      It  was   found   later  that   yet   hi,p;her  temperatures    than 
could  be   attained   in   this   apparatus  had  to   be  used;    at    such 
temperatures   some  very   interesting  changes  occur,    but   this 
part  of  the    study   could  not    be   carried  out   except  over  the 
open   bunsen   burner  at    an    indefinite,    though  sufficiently  high, 
temperature. 


Determinution   16. 
Volume   of  aqueous  B   a    (0   H)^^   run    into    dish- 
Weight   of  B   a  0    ir.  dish  .3610^ 

Volume  of  alcoholic    (95. 5^"^)    boric   acid    solution 
run    into   dish 

Weight  .of  BO    in   dish  .0920^ 
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.0920      B^O^is   equivalent   to    .2019      B   a  0 
Ratio    B^O^  present,    to   B   a  0    is   approxiaately   1    :    2 
Concentration  of  mixture  with    '■••ispect   to    Lj.cohol    43f. . 
Theoreticxl  wei.'^ht    for  a  mixture  of  B   a  B^O^and  B   a  C   0^.5244^ 

A  drop  of  phenol-phthalein    indicator  was   added   and   carbon 
dioxide  passed  to  neutral    reaction   and   some   few  minutes 
longer.      This  operation  was  carried  on   at   the   temperature  of 
the   room.      Evaporation    to   dryness  on   a  water-bath  followed, 
and  then  heatinr:s,    etc 


Table  of  Experiments   in  Determination  IB- 


Theoretical  Weif!;ht 


1  Heated   at    450  0-470°   for  5  hrs. 

2  St  'od  1   1/4   hours   on— b«fe^?^e' 

3  Heated   above   510°   for  5   hours 

4  "  "           ""22 

5  "  "            ..         I.        3         .. 

6  "  M               n            n           9            n 

7  "  "               "            "           6            " 

8  Stood  in  air  3/4  hour 

9  "     "   "  2  1/4  hours 
10  "     "   "   24  hours 


.5244 


Weight 
found 

in 
grams 

Change 

in 
wei.^~ht 

in 
grams 

Error 
in 

grams 

.5576 

+.0332 

.5601 

+.0025 

+.0357 

.5548 

-.0053 

+.0304 

.5503 

-.0040 

+.0264 

.5468 

-.0040 

+.0224 

.53^:2 

-.0146 

f .00-8 

.5224 

-.  1098 

-.002") 

.5  238 

+.0014 

-.0006 

.5270 

+.0032 

+.0026 

.5262 

+.0012 

+.1033 

DetoiTainat  ion   Ifi    (nont.) 


IT    Stood  over  K^S   0^48   hours 

12  Heated   above   510°   for  7   hours 

13  Stood    in   air  3/4  hours 

14  «  "        ft       4  n 

15  "  "      "      0  " 

16  "  "      "    24  " 

17  Stood  over  H^^S   O^for  3  hours 

18  "  "  ..  n      q 

19  n  n  H  "     ;j4  " 

20  Heated   at   450  0-470°   for  9   1/2  hrs 

21  Stood    in   air  for  24  hours 

22  Stood  over  H^S   O^for  48   hrs- 

23  Heated  to    redness  over  open 

burner 

24  Stood  over  H  0   H   solution   6   hrs- 

25  Stood  over  H  J^   O^for   66   1/2  hrs ■ 

26  Stood  over  H^S  0   for  68   1/2  hrs- 

27  Heated   at   4500-470°   for   -   hrs- 

28  Stood    in    air  1   hour 

29  Heated   at   460  0-470°   for  4   hrs. 

30  Stood    in   air  1  hour 

31  Heated   about    510°   for   9   hrs. 

32  Stood   in   air  1/4  hour 


Weight 

found 

in 

Channe 

in  wt. 

in 

Error 
in 

grams 

grams 

grams 

.5276 

-.0006 

+.0032 

.5218 

-.0058 

-.0026 

.5225 

+.0007 

-.0019 

.5259 

+.0034 

^.0015 

.5264 

+.0005 

+.0020 

.5268 

+.0004 

+.0024 

.5266 

-.0002 

+.0022 

.5264 

-.0002 

+.0020 

.5264 

+        0 

-.0020 

.5250 

-.0014 

+.0006 

.5261 

+.0011 

+.0017 

.5260 

-.0001 

+.0016 

.5158 

-.0102 

-.0086 

.5368 

+.0210 

-.0124 

.5258 

-.0110 

+.0014 

.5257 

-.0001 

+.0013 

.5236 

-.0021 

-.0008 

.5240 

+.0004 

-.0104 

.5248 

-.0008 

+.0004 

.5248 

+        0 

+.0004 

.5273 

+.0025 

+.0029 

.5275 

+.0002 

f.0031 

(Deteiiiiiniition   16   cont.) 


Weinht 

found 

in 


Change 

in  wt. 

in 


Er  IX)  r 
in 

nrams 


33Keated   to   redness  over  open 

burner  .5218  -.1057  -.0026 

34  Heated    at   450O-4"0o   for   2   hrs .  .5252  +.0034  +.0008 

35  "  ..         «  «         "        1   hr.  .5254  +.0002  +.0610 
3C         "            n         n            "         "         1    hr.               .5255              +.0001           +.0011 

37  Heated   ?o    rSdnesS  ovSr  open   burner. 5190  -.0065  -.0054 

38  Heated   at   4500-460°   for  1   hr.  .5222  +.0032  -.0022 

39  "  "         "  "    for  1    1/2   hr.  .5236  +.0014  -.0008 

40  Heated   at   450°-460o,lhr ,    and  let 

cool    in   air  .5243  +.0007  -.0001 

41  "  "4500-460°,    1   hr.  ,and  let 

cool    ir.    air  .5245  +.0002  +.0001 

42  "  "   450-4600,1   hr.  ,a.nd   let 

cool    i;.    air  .5246  ^.0001  +.0002 

43  Heated   at   450O-460o,i   hr.,and 

let   cool    in   air  .5248  +.0002  +.0004 

44  Heated   at   4500-460°, 1   hr.  ,    and 

let   cool    in   air  .5250  +.0002  +.0006 

45  Heated    at   450o_460o,i   hr.  ,    and   let 

cool    in   air  .5251  +.0001  +.0007 


Determination   17. 


Volu.'ne  of   aqueous  B   a    (0  H)_  run    into   dish 


Weir.ht  of  B   a  0    in   dish 


.1866 


7.45 
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Volurje   of   alcoholic    (95.5,''  )    boric    acid    solution 
run    into   (iish 


Weight   of  B^O_jin  dish 


2.0C 


.0221 

er  g 

.0221      B^O^is   equivalent   to    .0485"   B   a  0 

Ratio   Bj^03pre?:ent ,    to   B  a  0    is   appi'oxiraLitely  1    :    4 

Concontrat io:     of  mixture  with   respect   to    alcohol    27f 

f 
Theoretical  weight   for  a  mixture  of  B   a  B^O^and  B   a  C   0^.2483 

Treatment  with   carbon   dioxide,    etc.,    same   as    in   deter, uination 
16. 


Table  of  Experiments    in 
Theoretical  weight 


Determination   17. 


2483 


1  Heated   at   480°   for  1   1/2  hours 

2  Stood    in    air  for  48   hours 

3  Heated   above    510°   for   6  hours 

4  Stood    in   air  for  48  hours 

5  Stood  over  H^S   O^for  24  hrs. 

6  Heated    above   .310°   for  8   1/2  hrs. 

7  Stood    in   ai«  for  3/4hour 

8  Stood    in    air   f  o  r  2  1/2  hrs. 

9  Stood    in   air-  for  9   hours 
10  Stood    vn    ai"  for  24  hours 


Weight 
found 

in 
grams 

Change 
in  v/t. 

in 
grams 

Error 

in 
grams 

.255  6 

+.0073 

.  2563 

+.0007 

+.0080 

.2457 

-.0106 

-.0026 

.2488 

+.0031 

+.0005 

.2480 

-.0008 

-.0003 

.2416 

-.0064 

-.-)0:7 

.2444 

+.0028 

-.0039 

.2484 

+.0040 

+.0001 

.2525 

+.0041 

+.0042 

.2537 

+.0012 

+.0054 

Detei^uination   17    (co.t.) 
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11  Stood  over  h\S   O^for   9   1/2  hours 

12  Stood    in   air  for  14  hours 

13  Heated   at   450o-470°   for  8   hrs- 

14  Stood    in   air  for  48  hours 


We  if:ht 
found 

in 
grams 

Change 
iP.  wt. 
found 
nrauR 

Error 
in 

grams 

.2526 

-.OOIL 

+.0043 

.2539 

r.0013 

.0056 

.2485 

-.0054 

+.0002 

.2491 

+.0006 

+.0008 

Determination   18. 

Volume  of  aqueous  B   a    (0   H)^run   into   dish 


Weight   of  B   a  0    in  dish 


.3790 


Volume  of  aquaous  boric    acid   solution    run 
into   dish 

Weight  of  B^O^in   dish  .0905^ 

g  f^ 

,0905^  ^^^^is   equivalent   to    .1986     B   a  0. 


15.00 


14.24 


Theoretical  weight   for  a  luixture   of  Ba  B  0^+  B   a  C   0    =.5212 


Treatment  with   carbon   dioKide,etc .  ,    saiae   as    in   detei-miiia- 
tion   16. 


Table   of  Experiments    in  Detormination   13. 
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Theoretical  woi^i^t 


5212 


1  Heated   at   490  0-510°   for  9   1/2  hr£ 

2  Stood  over  V.  Ji  O^for  24  hours 

3  Heated   at   490O-510o   for  9  hrs. 

4  Heated  at   460°-4?0o   for  9  hrs. 

5  Heated   to    redness  over  open 

bumer 

6  Stood  over  K  0   H   solution   for  6 

hours 

7  Stood  over  H^S   O^for   6G   1/2  hrs. 

8  Stood  over  H  S   O^for  68   1/2  hrs. 

9  Stood  over  K  0   H   solution    6   1/2 

hours 

10  Stood  over  K  0   H   solution 

21-1/2  hours 

11  Stood  over  H^S   O^for  48   hrs. 

12  Heated   at   4500-460°   for  1    1/2 

hours 

13  Heated   to    redness  over  open 

burner 

14  Heated   at   4400-460°  for  1   hr. 

15  Heated   at   44OO-46O0   for   1   hr. 

16  Heated   at   440°-  i60o   for   1   hr. 

]^y  It  »i  n  r»  II         n      It 

\^  "  B  n  n  ftnit 

19  "   to    rednsss  over  open  burner 

20  Heated   at   440  0-460°  for  1  hr. 


Weight 

found 

in 

Change 

in  'Art. 

in 

Errors 
in 

graras 

grams 

grams 

.5416 

+.0204 

.5418 

+.0002 

+  .020G 

.540  6 

-.0012 

+.0194 

.5392 

-    ^014 

^.0180 

5138 


5536 


-.0204 


,0220 


-.0024 


.5451 

+.0263 

+  .02311 

.5316 

-.0135 

-.0104 

.5316 

+        0 

+.0104 

+.03^4 


.5546 

+.0010 

+.0334 

.5372 

-.0174 

+.0160 

.5232 

-.0140 

+.0020 

.5162 

-.0070 

-.0050 

.5204 

+.0042 

-.0008 

.5216 

+.0012 

+.0004 

.5219 

+.0003 

+.000  7 

.5224 

+.0005 

+.0012 

.5252 

+.0028 

+.0040 

.5199 

-.0053 

-.0013 

.5230 

+.0031 

+.0013 
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Determination;    19. 

Volume  of  aqueous  B   a    (D   H)^run    into   dish 


Weinht  of  B  a  0    in  dish 


.1947'' 


Volume  of   aqueous  boric    acid   solution    ru) 
into   dish 


7.00 


2.54 


Weif^ht   of  B^O^  in  dish 


.0161^ 


.0161      B^Oj  is   equivalent   to    .0354     B  a  0 

Ratio   B^O^  present,    to   B   a  O   is   approximately   1    :    6 

Theoretical  wei^h:   for  a  mixture  of  Ba  B^O^and  B   a  C  0^.2565^ 


The   treatment  v;ith  carbon   dioxide,    etc     was   sar:.e   as   in 
determinatior.   16. 


Table  of  Experiments   in  Determination   19. 

e 

Theoretical  weight 


.2565 

Weight  Change 

found  in.  wt  •  Error 

in  in  in 

grains  grams  grams 


1   Heated   above   510°   for  3  hours 


2577 


.0012 


2  Heated  to  redness  over  open 

burner  .2548 

3  Heated    at    450O-470°   for   2   hrs.  .2557 

4  It             l»             fi                n                 n         ,1         ri  .2557 

5  .<5tood  over  KOH   solution    1   l/4  hrs.. 2573 

6  ?itood  over  H   ?;   0   for   60   hrs-  .2565 

7  Heated    ut    4500-470°   for   1    l/2hrs.  .2560 

8  Heated   at   450  0-470°   for  1   hr. 

and  cooled    in   ai^  .;:563 


- 

.0029 

-.0017 

+ 

.0009 

-.0008 

+ 

0 

-.0088 

+ 

.0016 

+.0008 

_ 

.0008 

+    0 

- 

.0005 

-.0005 

+ 

.0003 

-.0002 
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Conclusior.s   of  Part    IT:- 

The   facts  brought  out   are   these :- 

(1)  The    behavior  of  the  mixed   salts    in   hand    is   similar 
whether  the   ratio  of  B^O^to   BaO  be  1:2, 1:3, 1:4, 1:6 

2:3         2:5 
4   :   5 
and  whatever  the   liquid    in  which  they   are  precipitated. 

(2)  V/hen   C   0  J.s  passed    into    a  fixture   of   bariu;:i  borate   and  • 
hydroxide   to  neutral    reaction  with  phenol-phtholein ,    after 
evaporation,    the  weight    is   always  .greater  than   the   theoretical 
for  a  corresponding  mixture  of  B  a  BjD^and  B   a  C  0^  .      After 
heatings  have   been  made   and   losses    in  weight   have  occurred,    the 
addition  of  water  and   C   0^,   produces   likewise   the    sane    effect, 
giving  excessive  weight.      Ix.    8,    13,    14,    42. 

X      7,    12,    13,    41,    49. 
XT.    1,    7; 
XTT     l; 
XTTT     4. 
(3)   T^hen    s    oh  a  mixture  posse.<3.'3in;-   excessive  weifht    as   compared 
with   the   theoretical    for  BaBO+BaCOis   subjected   to    re- 
peated  heatin,~s   at   the   sane  or  gradually    increasing  tempera- 
tures,   losses    in  weight  occur  depending  upon   the   length   and 
degree  of  the   heating 

iri;    IV;   V;   VT;   VTI   at    lower  temperatures 
I;    rT;TX,    9    -   12,    15,    13,    43   -    49; 

X.  33-    40,    42    -    48;    Xi.    1    -    6,    0    -    1^;  : 


7P 
XTT,    1    -    ll;    XJTT,    4-    7;    XV T ,    3-7. 

(4)  Alon^^  with   the  loisnes    in  wei.^ht   and    rouf^hly    inveraoly 
pi:x)portional    to    them  is  developed   a  tendency,    in   each  case, 
to    take  on  wei/^ht   upon    exposure   to   the    air. 

ITT;    JV;   V 

IX,  3  -  7,  19  -  29,  50-54;  X.  2-6,18-28,  50-52; 
XI,  15-17;  XTT,  13-15;  XITI,  3,  8;  XIV, 2,  3,  8; 
XV.    3   and    4;    XVI,    8-10,    13-16,21;    XVII ,  2, 7  ,-10 . 

(5)  If   the   matei'ial    before   exposure   to    the   air  has  not    Leen 
heated   to    redness,    at   least,    and   for  a  considerable   length  of 
time,    then    it    may  t)3^w— an  weight  when   exposed  over  and   above 
that    required   for  a  mixture  of  B   a  B^0^+  B   a  C  0_^;    and   this 
excess   cannot   be   renoved   by  desiication- 

XIV.    5,    8;   XV.    3   -   5;   XVI.    r-11,    13-19,21-22; 
XVTI,      7    -11. 

(6)  If  the   jnate"''ial  before   exposure   to    the   air  has   Leen   heats' 
to    redness   for  some   time,    then   if   it   be   exposed   to   the   air  for 
a  considerable   length  of  time  dried    in   a  desii{cator,    its  weight 
is   found   to   be   that  of   a  corresponding  mixture  of  B   a  B^O^and 

B   a  C   0^  . 

IX,    17-33,    50-56,;    X   16-32,    49-55; 
XI,    15-20;    XITI,    10-11;    XV,    6-7. 

(7)  If   the  weir:ht  of  the   material  has   been   curried   below 
the   theoretical   by  heating,    this  weight    is   reAa«»i(p»<l  upon 
heating   at   450°   -   470°,    and   .ve   find   after   such  heating   that   the 
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wei/Tht    is   thajj  of  a  mixture  of  B   a  B^l^+   B   a  C   0^ 
XV J,    35-38;    39-41; 

xvirr,  13-16;     xix,  2-3. 

(8)  Or   if  after  the  weight   has   been   carried  below  the   theoret- 
ical  the   material    is  first    allowed   to    saturate    itself   in   the 
air,    then  upon  heating  to    450O-470<^,    theoretical  weif^ht    is  ob- 
tained 

XVI,    lf:-20,    24-27.    XVTT,    12-13; 
XViri,    11-12,    XIX,    2-4. 

(9)  Closest   agreement   between  the  weight   found   and  the   theoret- 
ical   is  gotten  when  the  material    is  heated  to   450°-470°   and 
allowed   to    cool    in   the   ait. 

XVI,    42-47;    XIX,    8. 

Conclusions :- 

We  have   to   deal    in   this   investigation  with   the  distribu- 
tion of   barium  between   the   t/o    acids,    carbonic    and  boric.      In- 
asrauch  as    it   adds   simplicity  and   clearness   to    the   reactions 
and   explications,    the   salts  are   expressed   in  dualistic    foriiailae: 
hence,    in   these   terms,  we   have  to   deal  with  the  distribution  of 
the    basic   oxide  B  a  0,    between  the   two    acid  oxides   C  O^and 
B^O^  .      The   quantity  of  B   a  0,    and  of  BJ)^in    any   mixtureof   salts 
studied   remain   constant;    that  of  C  O^varies- 

The  neutral    salts  of  boric    acid   are    referred    to    the    "no'^raal 
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acid  H^B  0^;    "the   acid   salts"    refei'\'ed   to    in   this  work   are 
those   containing   relatively  ncre   acid   to   base  thun   do    the  ;,or- 
mtil   salts       Thus: 

H^B  0^  (H^0)^3J)^  (E   a  0)^6^0^ 

H^B^O^.=   2  H^B   0^-   H^O  -  ^^-^P)^  -    B  ,0,  (B    a  0)^.    B^O^ 

H   B  0^=   H^B   0^  -   H^O  =  ^x.'^-B^O^  B   a  O.BJ),, 

H^B^O^=   4   H^B    0^-    5   K  ^0  =  H^O.(B^Oj^  :3    a  0 .  {F^O  J  ^ 

H^B^q^=   6  H^B  0^-8  HJ)  =  K^O.(BJ)^)^  B   a  0    (-"Jl,), 
etc.                                                   etc.  etc. 

In   the  determinations    in  Part    TT,   we   begin  by   running  boric 
acid    into   an    excess  of   barium  hydroxide   solution.      An   experi- 
ment,   already   quoted   from  Berg,    shows   that    the   borates   at    first 
precipitated  dissolve  more  or  less   completely   in   the   excess  of 
barium  hydi^3xide,  when    it    is   present.      Thus  we  get   salts   con- 
taining more   than   one   equivalent  of  base   to   one  of  acid.         On 
passinr:  carbon   dioxide   to  neutral   reaction   this   forrjation  of 
borates   less   acid   than   the   metaborate    is   reversed   and  more  acid 
borates   and  barium  carbonate   result.      Upon   evaporation  we   find 
the  weight   of  the   mixed   salts   to   exceed   that    for  a  corresponding 
mixture  of  barium  metaborate   and   barium  carbonate.      A  general 
formula  may  mtike   this   clearer.      We  may   represent   the   mix'ure   of 
barium  met abo rate   and   carbonate   thus. 

m    (B    a  0.    C   0^)    +  n    (B    a  O.B   0^) 
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The   passare   of  C   O^has   left   a   mix  tire  weirhing  more   than    this 
and   contaiiir.R  more   acid   borates   and   barium  carbonate,    thus 

m(B   a  O.C   0^)    +   x(B    a  O.C   0^)    +    (B    aOil^_^^ .  (B  J)  J^  . 
This   mixture  vtpon   heat4»g   is   found   to   lose  v/eir;ht   and    if  the 
heating  be   stron;^  enough,    the  loss   in  weight    is   so   gree^t   that 
the  weight  of  the   nixed   st.lts   falls    l-elow   that    lor  a  mixture  of 
bariun  metaborate   and   carbonate.        The   losses    in  weight   are   due 
to    the   action  of  the  more   acid  borates  on   barium  carbonate, 
driving  out   carbon   dioxide   and   forning   borates  not   so   acid. 
If  the  heating  be   strong  enough  the  borates   formed  beconie   less 
acid   than   the   metaborate  , and  we   then    find  deficits    in  weirht 
as   coi.'pared  with  that  of  a  mixture  of  metaborate   and   carbo- 
nate.     General    forniulae  may    aid   again  :- 
After  evaporation,  and   before  heating  we   had:- 

m(B   a  O.C   Oj    +  x(B   a  O.C  0^)    +    (B   a  0)^^.^,.  (B  ^0»  )^ 
Gentle   heating  causes   some   losses    in  weight;   we   may   represent, 
thus 

rQ(B  a  O.C  0^)  +  (x-y)  (B  a  O.C  0^)  +  (B  a  0)^_^^^_^^  .  (E^Oj)^ 
The  simplest  case  is  where  y  just  equals  x,  restoring  the  con- 
dition  of  metaborate   and  carbonate;    thus, 

m(B   a  O.C   0^)    +  n(B   a  0.'\0j),    carbon   dioxide    is   escaping. 
If  the   heating   is    strong   enough,    borates   less   acid   than    the   me- 
taborate  are   forn:ed   and   the  weight    Leconies   less   than    that   of  a 
mixture  of  netaborate   and   carbonate;    thus. 

m-x(B   a  O.C  0    )    +(B   a  OV    ^^,  (B  0,)    +   x  C   0    .    the   escape  of 
this  x  C  0    is   the   cause  of  deficits    in  weight. 
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If  a  mixture   of   salts    in  which,    as    the   result  of  heatirg, 
all    the   borates   more   acid   than    the    i.;etaborate  have  been    converted 
into    those  less   acid   than    it,    is  exposed   to   the   carbon   dioxide 
of  the   air  at   the   room  temperature  or   is   heated  to   450°C   - 
/.700c    (CO  /roiL  combustion   of  fias    in    burners  of  course    heiur. 
present,)    then    the   lo^s   acid   borates   are   attacked  by    the  C  0   and 
are  converted    into   barium  metabor..te   and   carbonate:    thus 

m-x(B   a  O.C   0  J    +(B   a  0)^^,       -(B^OJ^+X:   0^ 
=  n:(B   a  O.C   0^)    +  n(B   a  O.B^O^) 

This   explanation    accounts   for  all   the   facts  observed   in 
this    investigation    and  by  Jones  when  working  under  similar  con- 
ditions.       It    is   also  not   at  variioice  with,  what    is  kno%n  of 
the   character  and   Lehavior  of  boric    acid-      As  early   as   1842, 
it  was  pointed  out   by  Schaffgotsch    ,    that    the   base    in   such  com- 
pounds  as   C   a   C  0^  ,    S   r  C  0^  ,    B   a  C   Oy    L    i   C   0^  ,   W   a  ^   Oj  , 
K  H   C   0^  ,  N   a  1'   0^  ,   K  IT  0^  and  B   a  IT^O^  could   be   quantitatively 
determined  by    fusing  them  with  borax,-   the   boric    acid   completely 
expelling  the   carbonic    and  nitric    acids. 

The    reverse    reaction,    that    is   the   reassuraption  of   C   0    at 
lower  ten^jeratures  by  a  mixture   similar  to   those  we  have  dealt 
with,   was  observed  by   Rose        .        He   brought   together  solutions 
of  IT   a  C  0   and  B^O^  ;    after  evaporatioi^.   he  heated  to    a  hinh  temp- 
erature getting   consttint  weir.ht;    but   v/hen   the   ^Material  was   sub- 


Poggendorff 's   Anraler   57,    p.  263. 
"      80,    p.    262, 
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seqvently   heated   to   a  lower  temperature,    it   took  on   again   soji.e 
of  the.  C  O^it   had   lost   by   stxx)nf^  heating.      Some  oxides,    be   says, 
acting  on   alkaline  carbonates  drive  out   a  definite   amount  of 
C   0^;    But  B^O^  is  different,    the   auxDunt  of  C  O^driven  out  depend- 
ing on   the   temperature   and   length  of  heating. 

The   similarity  of  these   reactions   to    those   studied    is 
apparent- 
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PART         III. 

For  the  question    in  hand  Parts    T   and    TT   have   sup,r;ested 
a   satisfactory   expli\r,  ation .      Part    III   tests  this   explanation. 

The   condition  of  most    stable   equilibrium  in   the    s^rstem 
under  study   seems   to   be  when   the   mixture   consists  of   barium 
met ubo rate   and  bariuii.  carbonate.        Such  a  fixture    is  obtained 
in  Part    IT   by   p  "oper  treatment  of  mixtures  of  bariun.  carbonate 
and  other  borates.        This  condition  of  equilibrium  is  destroyed 
by  heating   and   restored   by   the    action  of  carbon   dioxide. 

The   character  of  the    salts    in   the    fixtures   studied    in  Pa^t 
IT  has  been    infei^'red   fi'om  the  v/eif^hts  of  the   mixtures.  To 

prepare  barium  metabo^'ate   and   subject    it   to    similar  treatment 
when   by   itself,    to   do   the   s:-roe   by  barium  carbonate,    and   then   to 
mix  and   subject    the  mixture  of  the  t.'o    to   the   sane  treatment   as 
the   separ:.te   salts    is   the   plcin  of  Part    ITT.        The   explanation 
offered    in  Part    IT   suRpests  that  neither  salt    should  be    affected 
when  heated  alone    in   carbon   dioxide,      air,    etc.;    but   that  on 
stronf^ly  heating  a  mixture  of  the   tv,-o ,    carbon   dioxide    should 
be  given  off  due   to   reactions  analogous   to    this:- 

BaO.    CO^  +  BaO.    B^O^    =2Ba0.B^0^+C0^. 
Upon    allowing   carbon   dioxide   to    act  upon   a  mixture  which   has 
undergone   such   reactions,    carbon   dioxide    should   be   absorbed  un- 
til  the  condition  of  equilibrium  is   reestablished  by   reactions 
analogous  to    this 

2BaO.    BO+CO      =BaO.CO+EaO.BO 
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Barium  metaborute  was   prepared   as   directed   by  Berp.      Fxiuiv- 
alent    aqueous    solutions  of  boric    acid   and   bariurr.  hydxx>xide  were 
prepared   and   the   former  poured    into    the   latter.       (This  order   is 
advised,   upon   the   ground  of  experiences  with  mixtures   made    in 
both  ways.)      A  precipitate    settled  out,   which  wns   dissolved    by 
bubblln/r   steam   into    the   liquid.        To    remove   a   slight    cloudiness 


that    remained,   which  was  probably   B   a  C   0^,    the    solution  was 
filtered    in   an   atmosphere   free   from  carbon   dioxide-      To    a  por- 
tion of  the   filtered   solution   an   equal  volume  of  95^''    was  grad- 
ually  added  with   constant   shakirg.       (This  order  should   be   fol- 
lowed;   to    add   the   solution    to    the   alcohol    is   less   sat isfactoiv  ) 
The  precipitate   formed  was   allowed   to    star.d   in   the   solution   and 
at    the   end  of  twenty-four  hours    it   had  be  ome   fairly   crystal- 
line.     Seventy-two   hours  were   allowed   for  complete  crystidli- 
zation.      The      crystals  were   then   removed    and  quickly  washed    in 
cold  water,    and  dried   in   the   air  by   rubbing  them  upon    an  unglazed 
porcelain  plate.      Another  portion  of  the   filtered   solution  was 
set   aside,   without   the   addition  of  alcohol.      In   a  weeks   time 
the  bottom  of  the  bottle    in   ./hich    it  was  kept  was   studded  with 
wart-like   crystals-         The   lower   surfaces  of  these  hemispheres 
were  very   firmly   attached   to   the   glass;    they   exhibited   a   radiate 
structure.      Analyses   proved   this   salt    identical   with   that   gotten 
by  the   addition  of  alcohol    to   the  other  portion  of  the   sa.iie    so- 
lution;   it  was  B   a  B^0.^+  5   H^O 

Comparison  with  Berg's    article   shows   that    the   salt   obtained 
differed   fron.  his   by  one   nolecule   of  water,    his   being 
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BaB0+4H0. 

Dete'ninations  of  water  c  :*y  stall  iz  at  ion  were    i.acle    ly   heat- 
ing  the    salt    in   a  pi  at  i:  urn  bOi.it    in   a  coi^bustion   tube,   up    to    a 
red  heat.      The   percentage  of  water  for  B   a  B^0^+  5  HJ)    is 
28.'-<%   while   for  Berg's   salt,    B   a  B^0^+  4  H^O,    it    is   24.39^<. 

Percentage  of  water  found   =  28.97f' 

=    28.89;f 
In   the   latter  dete^nination    .9778^  of  the   salt   had   been  used. 
It  was   allowed   to    remain    ir.    the   boat,    after  dehydration,    and 
was   studied  under  varied  conditions.      The   experiments   are   re- 
corded  in   the  table :- 


1   Heated    ir;    dry   air  from  which 
C   0.  was   removed 


Weight  found 
in   grams. 


.6955 


Change    in 
wt .  in   grams. 


-.2823 


2  Heated    in  dry   air  from  which 

C   O^was   removed  .  6943 

3  Heated    in   dry   air  from  which 

C   O^was   removed  •  6940 

4  Heated   in  di'v   air  from  which 

C   O^was   removed  .6940 

5  Heated    in   dry   air   from  which 

C   O^was    removed  .6936 

6  Heated   to    redness    in   dry  C   O^for 

2   hours  .6945 

7  Heated   to    redness    in   drj'   C   O^for 

2   hours  ^  .6948 


-.0012 

-.0003 

+        0 

-.^004 

+.0009 

+.0003 


8   Heated   to   lower  temperature   in 
dry   C   0    for  2  hours 


.6951 


+.0003 
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9  Heated   to   lower  tenperature    in 

dry  C  O^for  1   1/2  hours 

10  Heated  to   lower  temperature    in 
drj^   C  O^for  1   hour 

11  Koated   to   lower  temperature   in 
moist   C  O^for  2  hours 

12  Heated  to   lower  temperature    in 
moist   C   0-^,for  2  hours 

13  Heated   to    redness    in  moist   C   0^ 
for  2  hours 

14  Heated   to    redness    in   raoist   C   0^ 
for  2  hours 

15  Stood  in  air  1   hours 

16  Stood  in  air  2   hours 

17  Stood  in  air  3  l/4  hours 

18  Stood  in  air  4   l/4   hours 

19  r.tood  in  air  18   l/4   hours 


Weight 
found 

in 
grains 


6950 


6947 


Chang* 
in  wt . 
in 

grams 


-.0001 


.0003 


.6954 

+.0007 

.6948 

-.0006 

.6937 

-.0011 

.6937 

+    0 

.6941 

+.0004 

.6940 

-.0001 

.6941 

+.0001 

.6942 

+.0001 

.6944 

+.0002 

On    the   basis  of  these   eKperinents   the  netaborate  was   regarded   as 
stable  under  the    same    conditions   as  were  used    ir.   the  determina- 
tions   ir,   Part    IT. 

Before   using  this  barium  metaborate,   portions  of   it  were 
analj'zed.      This  was   acconiplished   by   first    fusing  with  double   carlo- 
nate  of  sodium  and  potassium,    dissolving  the  melt    in  water  and 
washing   the   ?:   a  C   0^,    dr:;ing   qnd  weighing.      This   B   a  C  0_^was   then 
dissolved    in   dilute  H  C   1,    the   solution   diluted    and  B   a  precipi- 
tated  as  B   a  S   Oj^  in   the  usual    -ay.      The   carbonate  of  B   a  was    im- 


T««e 


erffif*"  '  'r©^r«  ©«^*  t©  »*«fl^ 


Josni' 


ftoiJoli 
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pure,    as  was    indicated   both   by    its  weir.ht    tuid   by   the   material   left 
in    suspension  v^hen    it  was   dissolved    in  H  C   1;    the   solution   hud  to 
be   filtered   before   H   ."^  0     was   added. 


I   .2072 
IT   .1897 


.1866 
.1718 


.1450 
.  13:^5 


69.96; 
70.39''^ 


.2142         .1407         67.92r 


.1969 


.1^^94         69.19f 


68 .  If 


The  passage   through  B   a  C  0  was  made  because   there  was 
doubt   of  the   completeness  of  precipitation  of  B   a  as   E   a  S   0_^  in 
the   presence  of  boric   acid. 

Pure   B   a  C   0  was    subjected   to    similar  treatment   to    that   of  the 
B   a  B  0    . 


Experiment 

•ed 
1/J 


Heated   at    red  heat  over  bunsen 
burner  for  1/2  hours 


Heated   at   red  heat  over  bunsen 
burner  for  1/2  hour 


Heated   at   re 
burner  for 


ed  heat  over 
1/2  hour 


bunsen 


Material   put    in    a  platinum  boat 

Heated   at   red  heat    in   dry   C   0 
f  o  r   ?..  hrs  . 

Heated   at   low   temp,    in   dry   C   0 
for  2  hours 


Weight 

found 

in 

Change 

in  wt. 

in 

grauis 
6.3476 

grams 

6.3340 

-.0136 

6.3341 

+.0001 

6.3342 

+.0001 

4.2059 

4.2057 

-.0)02 

4.2053 

-.0004 

ii'jttm  © 


:x.Qd      ^esx.      «d«i. 


<«,uuo«d  •tea  Miw  6  d  It  (I  (i||«ivi44  • 


«tJ    •!«¥<- 


i*>s: 
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B   a   C   O^like   B   a  B^O    is    stable    inder  these   conditions. 


In  weip;hinr,,    the  boat    containinp;  the   materials   studied 
was    enclosed    in   a  glass   stoppered  weighing   tube   to   prevent    access 
of   the  moisture   a:id   carbon  dioxide  of  the   air. 

Having   studied   the  B   a  i^o   and  B   a  C   0^  separately,    it   yet 
remained  to    study   the   behavior  of  a  mixture  of  the   two  under 
varied   conditions. 

Equivalent   quantities  vrere   taken   from  the   specimens  of 
B   a  B  JD^  and  B   a  C  0  whose   behavior  had   just    been   tested   as   de- 
scribed-     They  were   thoroughly  mixed    in   a  large   platinum  dish  dur- 
ing  an  hour  and  a  quarter.      A  weighed  quantity  of  this  mixture  was 
introduced   into   a  platinur^  boat   and   its   behavior  studied   in   a 
combustion   tube   as   recorded    in   the   table   that    follows  :- 


1   Stood  over  HJ^   O^over  night 

gentle  air  less 

C  0, 


2   2   hrs. 

heat 

3 

It 

to    soft- 

4   2   1/2 

hrs. 

ening 
temp .of 
glass 

5    2   hrs. 

n 

low 

6   2   hr. 

ten^). 

dry 


Weight  Change 

found  ir  wt  •  Error 

in                   in  in 

grams  grams  grams 


C   0. 


1.2839 

1.2836 

-.0003 

1.2822 

-.0014 

1.2821 

-.0001 

1.1932 

-.0889 

-.0889 

1.1923 

-.0009 

-.0898 

1.1932 

+.0009 

-.0889 
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7  1  hr 

8 

9 
10 
11 

12  3  hr. 

13  1  hr. 

14  1  hr. 

15  1  hr. 

16  4  hrs. 

17  9  hrs. 

18  1  hr. 

19  3  1/2  hrs. 

20  4  3/4  hrs. 

21  3  hrs. 

22  4  hrs. 

23  2  l/2hrs. 

24  5  hrs. 

25  2  l/2hrs. 

26  5  hrs. 

27  2  5/4hrs. 
23  5  l/4hrs. 

29  3  hrs. 

30  5  hrs. 

31  2  l/2hrs. 

32  3  hrs. 


t  eiiip  ■ 
of 
rooix. 
med  lum 
temp. 


C  0,      dry 


slinhtly 

higher 

temp . 


n  n 


n  ri 


n  ft 


.1934 

r.0O02 

- 

.0987 

.1907 

+.0053 

- 

.0834 

.1996 

+.0009 

- 

.0825 

.2117 

+.0121 

- 

.0704 

.2252 

+.0135 

- 

.0569 

.2342 

+.0090 

- 

.0479 

.2404 

+.0062 

- 

.0417 

.2442 

+.0038 

- 

.0379 

.2461 

+.0019 

- 

.0360 

.2558 

+.0097 

- 

.0263 

.2639 

+.0081 

- 

.0182 

.  P.  647 

+.0008 

- 

.0174 

.2675 

+.0028 

- 

.0146 

.2696 

+  .0021 

- 

.0125 

.2709 

+.0015 

- 

.011.2 

.2766 

+.0057 

- 

.0055 

.2705 

+.0019 

- 

.0036 

.2794 

+.0009 

- 

.0027 

.2603 

+.0009 

- 

.0018 

.2810 

+.0007 

- 

.0011 

.2812 

+.0002 

- 

.0009 

.2013 

+.0001 

- 

.0008 

.2819 

+.0006 

- 

.0002 

.  ;^823 

+.0004 

+ 

.0002 

,20  25 

+.0002 

+ 

.0004 

.28  29 

+.0004 

_ 

.0008 

Pfao 
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33 

5    hrs. 

sldrhtly 
higher            i 
temp. 

C   0^ 

drj' 

1.2845 

+.0016 

'-.0024 

34 

8    hrs. 

rt 

rt 

" 

1.2828 

-.0017 

+.0007 

35 

6    lAhrs. 

n 

" 

.. 

1 . 2833 

+.0005 

+.0012 

36 

7    hrs. 

red 
heat 

n 

It 

1.2335 

-.0498 

-.0486 

37 

8   hrs. 

n 

" 

" 

1.2185 

-.0150 

-.0  636 

38 

n 

" 

" 

" 

1.2192 

+.0007 

-.0629 

39 

Fl 

n 

II 

" 

1.1964 

-.0228 

-.0857 

4-) 

7    hrs 

n 

" 

" 

1.1908 

-.0056 

-.0913 

41 

8   hrs. 

n 

'• 

" 

1.1865 

-.1043 

-.0956 

4;^ 

n 

n 

" 

moist 

1.2151 

+.0286 

-.0  670 

43 

It 

n 

n 

1. 

1.2155 

+.0004 

-.0666 

44 

M 

ai- 
"               C 

les: 

0^ 

5 

dry 

1.1860 

-.0295 

-.0961 

45 
46 

n 

C 
lower 

temp . 

0.- 

moist 
II 

1.1866 
1.2120 

+.0006 
+.0254 

-.0955 
-.070L 

47 

" 

" 

ti 

It 

1.2115 

-.0005 

-.0706 

48 
49 

7   l/2hrs. 

temp. 
of   room 
medium 
temp. 

n 

It 

It 

n 

1.2146 
1.2130 

.0031 
-.0016 

-.0675 
-.0691 

50 

50 

51 

8   hrs. 

slirhtly 
more   ele- 
vated  temp 

" 

" 

1.2491 
1.2541 

+.0361 
+.0050 

-.0330 
-.0280 

52 
53 

higher 
temp. 

" 

rt 

1.2510 
1.2593 

-.0031 
+.0083 

-.0311 
-.0228 

54 

n 

II           « 

" 

" 

l.24::4 

-.0159 

-.0397 

55 

n 

M 

" 

II 

1.2646 

+.0222 

-.0175 
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In   eKperiments   4   ;ind  5,    a  weir;hed   set   of   absoi'ption   tubos 
such    as   are  used    in   an  organic    .iiiulysls   for  C   and  H  was   attached   to 
the   combustion   tube   in  which   the   boat    i.ind  mixture  wore  heated.      The 
increase    in  weip;ht  of  the   Geissler  bulbs    indicated   that    the  wei/rht 
lost    by   the  mixture    in    the   boat  v^as   C   0    .      The    loss    in  weight    in 
1,    2    and   3  was   regarded   as  water  which  had  deposited   frora  tho   air 
dn    the   particles  of  the  B   a  B^O   and  E   a  C   0  while    thoy  were    being 
thoroughly   mixed. 

Conclusions : - 

That    the   conclusions  of  Part    TT   are   cor-ect    is   confirmed 
by  Part    ITT.      When   an    "acid   borate"  of  barium  like   the   metaborate, 
is   heated   strongly  with  bariura  carbinate   reaction    takes   place,    less 
acid   borates  being   formed   and  carbon  dioxide   being  expelled.      When 
such  a  less  acid  borate    is   exposed   to    the   action  of  carbon   dioxide, 
it    may   take  up   as   much  carbon   dioxide   as    it   had   lost,    forming   again 
the  original   borate   and   ca^-bonate. 

Thus,    in   the   case    studied   the   total  weight   of  C   O^co;^.- 
tained  originally   in   the  boat   before  heating  was    .1356     which  was 
all  present   as  B   a  C  0    .      Strong  heating  of  the  mixture   caused  a 
loss   of  carbon   diexide  of    .0898^and   this    is   almost  exactly   2/3  of 

the   total    C  O^originally  present.      The   difference   being 

g 
.0904    -    .0898    =    .0006    . 

Hence   during  the  heating  this   reaction   has   taken  place. 

3    (B    a  0.    C   0^)    +   3    (B   a   0.    BJ)^)    =   5   B   a  0.3   B^0_^+   B    a  O.CO^+2   C   0 
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V/Jien   stability   is   again   reached   after  heating   in   carbon 
dioxide,    experiments  32  -   35,   we  had   the  weight   again  of  the 
original!   mixture.      Therefore   the   reverse  of  the   foraier   reaction 
has  occurred 
5    (B    a  0.3   B^0^+   B   a  O.C   0^+   2   C   0^=   3(B    a  O.B^03)+3(B    a  n.Oj 

Tn    experiments   42   and   43,    and   also    in   experiments   46   to 
49,    the   material    in   the   boat    seems   to    be    a'    or  very  near  another 
point   or  condition  of  stability.  ^n   average  of  the   aaounts 

by  which  the  mixture  differs   from  its  original  weight   proves   to 
be    68   milligfaras   and  this    is   aliiiDst   exactly  half  of  the   total 
C   0   originally   present.      Therefore   this    salt   has   !;een    formed 

3  B  a  0.    2  B^O^   involving   the   reaction: 
2(BaO.    CO^)    +2    (BaO.    BO^)    =3Ba0.2   B^O^H-   B    aOCO^ 
+   C   0^ 

The   behavior   in   experiments   44   and  45  where   the   i:.aterial 
gains   29   milligrams    in   eight  hours   and   ret.iins   it  while   heated 
for  eight   hours   longer  under  conditions  presumably  more   favor- 
able  to    its  decomposition,    it    seems   justifiable   to    assume   some 
stable   salt   as   formed.      96  milligrams    is   almost  exactly   5/? 
of  the   total    C   O^present  originally.    Therefore  this   reaction 
has   taken   place    in   passing   from  experim-^nt   35    -   45. 

7    (E    a  0.    C   T^)    +   7(B   a   I.P^O^)    =   12   P    a  0.7   P^0^  + 
2BaC0^+5C0^ 


'  ^-     ■  .    ;.     .  ^c^a  s  .0  ii  a  c 

^  (^0,  a  .0  r.  a)  s  +  (^0  0  .0  c  a)s 

:I'Ji^.;.i:o'x^  c.'iciail^no'j  n&Jjnjj  neT^noI  efuorf  Jrf,il©  lo^t 
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Surainar:/-  of   ConcluRions  of  Parts    I,rT,    mid    TIT. 

When   boric   acid    in   aqueous  or  alcoholic    solution    is    intro- 
duced   into    an   excess  of  aqueous  barium  hydroxide   solution   and 
then   carbon  dioxide    is  passed   to  nei  tral    reaction   toward  phenol- 
phthalein,   during   subsequent   evaporation  of  the  water  or  very 
dilutd   alcohol,    little  or  no   boric    acid    is   lost. 

After  evaporation,    the  '7ei/3ht  of  the   mixed   salts    is   al- 
ways greater  than   the  wei/^ht  of  mixture  of     barium  metaborate 
and    barium  carbonate   containing  the   saiae  weight  of  boric   acid 
and  of  barium;    this   excess  weight    is  brought   about  by   the   ac- 
tion of  carbon   dioxide  which,   beside  precipitating  the   excess 
of  barium  hydroxide   as   carbonate,    attache     the   borates   present   • 
which  contain   at   this  point   more  base    in  proportion    i::      pro- 
portion  to   acid  than  does   the   uetaborate   -    ,    taking  from  them 
barium  oxide   to    form  carbor.ate,    and  forcing  the  boric   acid 
into    combinttions  more   acid  than  the   metaborate. 

Upon   heating  this   mixture  of  metaborate   and  carbonate 
interaction   between   the  more   acid  borates   and   barium  carbonate 
takes  place,    carbon  dioxide    being  expelled   and  less   acid  bo- 
rates  r-isulting;    this  displacement  of  carbon   dioxide   causes 
loss    in  weight.      The   extent    to  which  this    interaction   goes,    is 
determined  by   the   length  and    intensity  of  the  heating  to  which 
the   mixture   is   subjected.      Th^t    the  more   acid   bo  -ates   may  be 
completely  converted   by   this    interaction    into   borates   less 
acid  than  the  metaborate   requires   strong  heating  over  a  bunsen 
burner;  when   this   has    i  eon    accomplished  the   nixed   salts  weigh 
less   than    an    eCjuivalent  mixture  of   ji.etabo'-ate    and  carbonate. 
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These   losses    ix\  weight    may  be    rocovored   by   the   actio:^. 
of   carboi'i   dioxide.      If    it   acts    in   the   presence   of  water   and 
phenol -pht hale in   then   after  evaporation,    the   mixed   salts   again 
weigh  more   than   an   equivalent   mixture  of  nietaborate   and   carbo- 
nate  for  the    reason   given   above.         If  the   carboii   dioxide  of  the 
air   is   allowed   to    act   on   a  niixttire  of  borates   less   acid   than   tho 
mfetaborate  with  barium  carbonate,    the   lass   acid  borates   are 
converted   into   metaborate  the   barium  oxide   thus   freed  being   con- 
verted  into   barium  carbonate.      If  the   carbon  dioxide   acts   at 
approximately   450°  -   470°,    the   sane   result    is   accomplished. 
The  './eight  of  the    mixed   salts   is   then,   of  covrse,    that  of   an 
equivalent  mixture  of  rjetaborate   and  carbonate. 

When  a  mixture  of  barium  metaborate   and  barium  carbonate 
is  heated   strongly,    interaction   takes  place   and  carbon   dioxide 
is   expelled.        The   loj^ses   in  weight   can   be   restored  by   any  of 
the   above    methods- 


i-tJ:     8088  0 

©oneey  . 
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